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ABSTRACT
The m ain pu rp o se  o f  t h i s  s tu d y  was to  an a ly ze  th e  e x te n t to  w hich
th e  two g o a ls ,  1) s t a b i l i z a t i o n  o f  p r ic e s  and incom es, and 2) th e  p r e ­
v e n tio n  o f  th e  d e p le t io n  o f  U .S . r i c e  r e s e r v e s ,  cou ld  be ach iev ed  by 
u s in g  p r ic e  l i m i t s  to  manage re s e rv e s *  A s u b s id ia ry  purpose o f  t h i s  
s tu d y  was to  a n a ly z e  th e  im pact t h a t  t a r g e t  p r ic e s  cou ld  have on th e
le v e l  and v a r i a b i l i t y  o f  p ro d u c e rs ' income*
S tocks a re  in c re a s e d  by p u rc h a se s  to  r a i s e  m arket p r ic e  to  the  
low er l i m i t ;  and d e c rea se d  o r  d e p le te d  r e s p e c t iv e ly ,  to  push p r ic e  
down to  o r  tow ard  th e  upper l i m i t .
E s tim a te s  o f  demand and su p p ly  r e l a t io n s h ip s  were made and were 
in c o rp o ra te d  in to  th e  s im u la tio n  m odel. Random v a r i a t io n  was in tro d u c e d  
in to  th e  demand and supply  s id e s  th ro u g h  e x p o rts  and y ie ld  r e s p e c t iv e ly *  
T h e re fo re , a  d i s t r i b u t i o n  o f  v a lu e s  was o b ta in e d  fo r  each v a r i a b l e .
The p e r io d  covered  by th e  s im u la tio n  was 1975-1980. B ased on 
500 i t e r a t i o n s ,  (3000 o b s e r v a t io n s ) ,  sunmary r e s u l t s ,  th e r e f o r e ,  w ere 
r e p o r te d  in  te rm s o f  mean and c o e f f i c i e n t  o f  v a r i a t i o n .  Frequency 
d i s t r i b u t i o n s  were a lso  u sed .
Three d i f f e r e n t  p o l ic ie s  w ere a n a ly z e d : 1) th e  " f re e  m a rk e t”
p o lic y  where th e r e  was no governm ent involvem ent in  th e  m a rk e t, 2) t h a t  
o f  managing r e s e r v e s  by means o f  p r ic e  l i m i t s , and 3) th a t  w here t a r g e t  
p r ic e s  were com bined w ith  th e  u se  o f  p r i c e  l i m i t s .  Numerous a l t e r n a ­
t i v e  p r i c e  l i m i t  s t r a t e g i e s  w ere examined under th e  second m odel, and
xii
two a l t e r n a t iv e  t a r g e t  p r i c e  s t r a t e g i e s  were examined under th e  th i r d  
m odel.
In  th e  f r e e  m ark e t s im u la t io n ,  th e  mean and v a r i a t i o n  o f  most 
v a r ia b le s  (o v e r  th e  s ix  y e a r  p e r io d )  encompassed th e  o b serv ed  v a lu e s  o f 
th e  p e rio d  1970 to  1975. F o r exam ple, w ith  means q u i te  s im i la r  to  the  
observed  v a lu e s ,  su c h  key v a r i a b le s  as  p r i c e ,  p ro d u c e rs ' g ro s s  income 
from r i c e ,  and v a lu e  o f e x p o r ts  had c o e f f i c i e n t s  o f  v a r i a t i o n  o f  about 
50 p e rc e n t, and t h a t  encom passed th e  observed  v a r i a t i o n .
The re s e rv e  s to c k  m odel succeeded  in  i t s  m arke t su p p o rt and 
s t a b i l i z a t i o n  goal*  In  com parison  w ith  th e  f r e e  m arke t m odel, i t  
r a is e d  g ro ss  incom es, and red u ced  by two t h i r d s  th e  v a r i a t i o n  o f  p r i c e s ,  
income, and th e  v a lu e  o f  e x p o r t s .  However, th e  model ach iev ed  i t s  second 
g o a l o f  p re v e n tin g  s to c k s  from b e in g  d e p le te d  o n ly  when b o th  p r ic e  l im i t s  
w ere s e t  h ig h  r e l a t i v e  to  th e  e q u il ib r iu m  p r ic e  ( t h e  f r e e  m ark e t mean 
p r i c e ) .  W ith th e  p r i c e  l i m i t  sp read  c e n te re d  on th e  e q u il ib r iu m  p r i c e ,  
th e  p r o b a b i l i ty  o f  d e p le t in g  r e s e rv e s  was ze ro  fo r  th e  f i r s t  th r e e  y e a r s ,  
b u t was h igh  (a b o u t 30 p e r c e n t)  in  th e  l a s t  th r e e  y e a r s .
The o v e r a l l  a v e rag e  an n u a l c o s t  o f  m anaging s to c k s  was low (a b o u t 
10 m ill io n  d o l l a r s ) ,  b u t was v a r i a b l e ,  ra n g in g  from sm all g a in  to  a c o s t 
o f  30 m il l io n  d o l l a r s .
The c o n t r ib u t io n  t h a t  t a r g e t  p r ic e s  made depended on th e  average  
p r ic e  re c e iv e d  fo r  r i c e ,  w hich in  tu rn  depended on th e  le v e l  o f  th e  
lower p r ic e  l i m i t .  Given th e  t a r g e t  p r ic e s  and p r ic e  l im i t s  used  h e re , 
average income was in c re a s e d  and i t s  v a r i a t i o n  red u ced . However, th e re  
was a 65 p e rc e n t p r o b a b i l i t y  t h a t  no d e f ic ie n c y  payment would be made, 
b u t when made, governm ent e x p e n d itu re s  o f  100 to  300 m i l l i o n  d o l la r s  
would be needed .
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Chapter 1
INTRODUCTION
For a lm o st fo u r decades th e  governm ent o f  th e  U n ited  S ta te s
has been  invo lved  in  a  program to  su p p o rt th e  le v e l  o f  r i c e  p r ic e s
and incomes o f  r i c e  p ro d u ce rs . In  c a r r y in g  o u t  t h i s  ta s k  s to c k s  o f
r i c e  w ere accum ulated  m ainly th rough  th e  n o n -re c o u rse  lo an  f e a tu re
o f  th e  program .^ Throughout most o f  th o s e  y e a r s ,  in d u s try  le a d e rs
and program  a d m in is t r a to r s  w ere c o n fro n te d  w ith  th e  problem  o f
th re a te n e d  o r r e a l  o v er-accu m u la tio n  o f  s to c k s  as  a r e s u l t  o f  th e
in d u s t r y 's  ch ro n ic  tendency  to  o v e r-s u p p ly , w hich even m oderate
su p p ly  c o n tro l  m easures found d i f f i c u l t  to  h a n d le . However, a
com plete r e v e r s a l  occu rred  in  1972 and 1973 when U. S . r i c e  r e s e rv e s
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became v i r t u a l l y  ex h au s ted . At t h i s  p o in t ,  s to c k s ,  w hich had 
fo rm erly  been a lm o st a  b y -p ro d u c t o f  th e  p r ic e  su p p o rt o p e ra t io n s , 
became an  im p o rtan t item  fo r  th e  a t t e n t i o n  o f  p o lic y  m akers.
l l n  t h i s  d i s s e r t a t i o n  a number o f  d i f f e r e n t  term s a re  used 
to  d e s c r ib e  th e  t o t a l  r i c e  in  governm ent and p r iv a te  hands b u t n o t 
th a t  in  th e  p ip e l in e ,  th a t  i s ,  moving th ro u g h  norm al t r a d in g  ch an n e ls  
a t  a p o in t  in  tim e . These term s a r e :  1) s to c k s ,  2) r e s e r v e s ,  3)
r e s e rv e  s to c k s , 4) c a r ry o v e r , 5) c a r r y - in  and 6) c a r r y  o u t .  W hile 
a l l  te rm s r e f e r  to  th e  same p h y s ic a l q u a n t i ty ,  tim e and purpose 
e lem en ts  a re  found in  some o f them. C a rry o v e r i s  th e  term  used  in  
th e  l e g i s l a t i o n  and i t s  v a r i a t io n s ,  c a r r y - i n  and c a r ry o u t ,  r e f e r  to  
th e  b eg in n in g  and end o f th e  m ark e tin g  y e a r ,  r e s p e c t iv e ly .  The 
common term , s to c k s  r e f e r s  m erely  to  th e  q u a n t i ty  on h an d s, b u t 
r e s e rv e  s to ck s  o r re s e rv e s  conveys th e  id e a  o f  s to ra g e  f o r  fu tu r e  
u s e .
2
See Appendix A, Table 1, f o r  r i c e  d a ta  fo r  th e  p e rio d  1954
to  1975.
The r e c e n t  r a d ic a l  change in  th e  U n ited  S ta te s  m ark e t, from 
a p a t te r n  o f  o v e r accum ula tion  o f  g r a in  s to c k s  to  one where th e re  
was concern  ab o u t th e  p o s s i b i l i t y  o f  e x h a u s tio n  o f  s to c k s ,  has 
in tro d u c e d  th e  need f o r  exam in atio n  o f  th e  co n cep t o f  r e s e r v e s ,  and 
f o r  q u a n t i t a t iv e  answ ers r e l a t i n g  to  th e  management o f  r e s e rv e s  and 
th e  im pact o f  t h i s  management on th e  g roups in v o lv ed  w ith  d i f f e r e n t  
g ra in  c ro p s .
The m ain purpose o f  t h i s  s tu d y  i s  to  p ro v id e  in fo rm a tio n  
t h a t  may be u sed  by p o lic y  makers r e s p o n s ib le  fo r  d e c is io n s  r e l a t i n g  
to  management o f  r i c e  re s e rv e s  in  o rd e r  to  a s s u re  s u p p l ie s  o f  r i c e  
f o r  U. S. dom estic  and e x p o rt n eed s , to  p ro v id e  income su p p o rt to  
p ro d u ce rs  and a  re a so n a b le  d eg ree  o f p r ic e  s t a b i l i t y  f o r  th e  b e n e f i t  
o f  b o th  p ro d u ce rs  and consum ers.
The is s u e s  w ith  w hich t h i s  s tu d y  i s  in v o lv ed  a re  examined 
as  an e n t i t y  because  th ey  form  a co n v en ie n t r e s e a rc h  u n i t .  The 
s tu d y  fo cu ses  m ainly  on q u e s tio n s  r e l a t i n g  to  th e  d e g re e  to  w hich 
i t  i s  f e a s ib le  to  p ro v id e  b o th  m arket s t a b i l i z a t i o n  and p ro te c t io n  
from i n s u f f i c i e n t  re s e rv e s  by means o f  s to c k  management r u le s  
p u b lish e d  a t  th e  b eg inn ing  o f  th e  m ark e tin g  y e a r .  The p o te n t i a l  
c o n t r ib u t io n  t h a t  t a r g e t  p r ic e s  co u ld  make to  th e  su p p o rt and 
s t a b i l i z a t i o n  o f  p ro d u c e rs ' income i s  a l s o  exam ined.
The is s u e s  examined in  t h i s  r e s e a rc h  a re  r e l a t e d  to  and 
a f f e c t  many o th e r  is s u e s  in  a g r i c u l t u r a l  p o l ic y ,  w hich w ere n o t 
re se a rc h e d  h e re .  For exam ple, th e  s tu d y  ig n o re s  1) th e  f a c t  th a t  
o th e r  p o lic y  in s tru m e n ts  cou ld  be used in  c o n ju n c tio n  w ith  r i c e  
r e s e rv e  s to c k s  to  ach iev e  th e  s t a b i l i z a t i o n  o b je c t iv e ,  and 2) th a t
3th e  s to c k s  in  th e  U n ited  S ta te s  co u ld  be h e ld  as  p a r t  o f  an 
i n te r n a t io n a l  g ra in  r e s e r v e .  O ther q u e s tio n s  d i r e c t l y  r e l a t e d  to  
r e s e rv e s  a re  a ls o  re g a rd ed  as  o u ts id e  the  scope o f  th e  s tu d y . For 
exam ple, 1) th e  q u e s t io n  o f  c o s ts  and b e n e f i ts  r e l a t i n g  to  a r i c e  
r e s e rv e  program  i s  n o t f u l l y  e x p lo re d , and 2) q u e s t io n s  r e l a t i n g  
to  th e  o p tim al lo c a t io n  o f  re s e rv e s  a re  n o t t r e a t e d .
The R ice R eserve Problem
The problem  o f  managing d o m e s tic a lly  h e ld  r i c e  r e s e r v e s  
a r i s e s  m ain ly  b ecau se  o f  th e  u n c e r ta in  n a tu re  o f  m arket outcom es. 
Outcomes o f  an ex trem e n a tu re  may have adv erse  im pact on  one o r  
more groups who have economic t i e s  to  the r i c e  m a rk e t. For exam ple, 
v e ry  low p r ic e s  o r  pronounced m arket i n s t a b i l i t y  would prove 
u n a c c e p ta b le  to  p ro d u c e rs , and ex trem ely  h ig h  p r ic e s  and  s h o r ta g e s  
would prove v e ry  u n a c c e p ta b le  to  dom estic consum ers and to  th o se  
who im port r i c e  from  th e  U nited  S ta te s .
The u s u a l ly  quo ted  g o a ls  o f  a  re s e rv e  s to c k s  program  
g e n e r a l ly  in d ic a te  t h a t  t h i s  ty p e  o f  program i s  in te n d e d  to  p ro v id e  
s o lu t io n s  to  such problem s as  th o se  l i s t e d  above. M ajor o b je c t iv e s  
o f  such program s a re  d isc u sse d  below .
R eserve s to c k s  may be h e ld  to  p rev en t s h o r ta g e s  a r i s i n g  
from s h o r t f a l l s  in  p ro d u c tio n  in  a g iven m arket a r e a .  Such 
re s e rv e s  may be h e ld  to  d e a l w ith  sh o rta g es  t h a t  o ccu r in  th e  
dom estic  o r  e x p o rt m ark e t.
R eserve s to c k  may a ls o  be h e ld  fo r  use  a s  an in s tru m e n t o f  
fo r e ig n  p o l ic y .  For example such s to ck s  co u ld  be  u sed  to  a s s i s t  an
a l ly  in  th e  c o n d u c t o f  w ar, o r  a d ev e lo p in g  n a t io n  in  i t s  program 
of economic d ev e lo p m en t.
F i n a l l y ,  r e s e r v e s  may be used  to  s t a b i l i z e  th e  m arket. T his 
may be a c h ie v e d  by  s u p p o r t in g  p r ic e s  th ro u g h  p u rch ases  when 
p ro d u c tio n  i s  g r e a t e r  th an  th e  m arket can  a b s o rb , and by re le a s in g  
s to ck s th ro u g h  s a l e s  when sh o rta g es  c a n  cau se  h ig h  p r ic e s .
A sy stem  c a p a b le  o f  m easuring th e  e f f e c t s  o f d i f f e r e n t  
s t r a t e g i e s  o f  r e s e r v e  management on th e  r i c e  s e c to r  would make i t  
p o s s ib le  f o r  i n t e r e s t e d  groups to  im prove th e  fo rm u la tio n  o f r i c e  
re s e rv e  p o l ic y .  I t  w ould a l s o  a s s i s t  a d m in is t r a to r s  to  improve t h e i r  
management o f  r e s e r v e s .  P rov ided  w ith  in fo rm a tio n  re g a rd in g  th e  
im pact o f  a g iv e n  r e s e r v e  management s t r a t e g y  on an economic v a r ia b le  
such a s  incom e, t h a t  group co u ld  lobby  f o r . i t s  in c lu s io n  as a 
fa v o ra b le  f e a tu r e  o r  s t r a t e g y  in  th e  program . A t th e  same tim e the  
more d i r e c t  c o s t s  o f  such  a  s t r a te g y  co u ld  b e  c a lc u la te d  and 
a p p ro p r ia te  a c t i o n  ta k e n  by th e  program  a d m in is t r a to r s .  S im ila r ly , 
program a d m in i s t r a to r s ,  knowing the  e x p ec te d  re sp o n se  o f  th e  key 
economic v a r i a b le s  to  a  g iv en  re s e rv e  management s t r a te g y ,  could  
more e a s i l y  ch o o se  a  s u i t a b l e  p o lic y  to  a c h ie v e  the  d e s ir e d  e f f e c t .
T a rg e t P r ic e s
As s t a t e d  e a r l i e r ,  th e  main fo cu s  o f  t h i s  s tu d y  i s  on 
re s e rv e  m anagem ent. Q u estio n s  re g a rd in g  th e  u s e  o f o th e r  p o lic y  
in s tru m e n ts  a r e  re g a rd e d  a s  o u ts id e  th e  scope o f  t h i s  s tu d y . Never­
th e le s s ,  t a r g e t  p r i c e s  w ere in tro d u ce d  in to  th e  s tudy  when the r i c e  
program o p e ra te d  by th e  U. S. D epartm ent o f  A g r ic u ltu re  underwent 
changes, one o f  s h ic h  was th e  in c lu s io n  o f d e f ic ie n c y  payments based
on t a r g e t  p r i c e s .  T h is  program  m o d if ic a t io n  was made because  i t  
was p o s s ib le  to  o b ta in  some to p ic a l  in fo rm a tio n  abou t a  p o lic y  
in s tru m e n t w ith  an e f f e c t  t h a t  supplem ents t h a t  o f  re s e rv e  
management.
T a rg e t p r i c e s ,  p ro v id in g  a  b a s i s  f o r  d e f ic ie n c y  payments to  
q u a l i f i e d  p ro d u c e rs , a re  n o t  d esig n ed  to  make an im m ediate 
c o n tr ib u t io n  to  th e  r e s e r v e  management p ro g ram 's  p rim ary  o b je c t iv e  
o f  p re v e n tin g  s h o r ta g e s ,  b u t  th e y  c o n t r ib u te  g r e a t ly  to  th e  second 
o b je c t iv e ,  th a t  o f  m ark e t s t a b i l i z a t i o n ,  by in c re a s in g  income when 
p r ic e s  a re  low. They a r e  p a r t i c u l a r l y  e f f e c t iv e  in  t h i s  reg a rd  
because  d e f ic ie n c y  paym ents ten d  to  in c re a s e  a s  m arket p r ic e s  
d e c l in e .
Study O b je c tiv e s
I t  was in d ic a te d  p re v io u s ly  t h a t  th e  main purpose o f  t h i s  
s tu d y  was to  p ro v id e  in fo rm a tio n  th a t  may be u sed  by p o lic y  makers 
in v o lv ed  w ith  r i c e  program s in  th e  U nited  S ta t e s .  The in fo rm a tio n  
i s  to  c o n s is t  o f  e s t im a te s  o f r e le v a n t  economic v a r i a b le s ,  and o f 
t h e i r  resp o n se  to  m a n ip u la tio n  o f  th e  p o lic y  v a r ia b le s  w ith in  the  
system .
The f i r s t  o b je c t iv e  a s s o c ia te d  w ith  t h i s  purpose i s  to  
develop  an eco n o m etric  model o f  th e  U nited  S ta te s  r i c e  m arket to  be 
used  in  e v a lu a tin g  a l t e r n a t i v e  re s e rv e  s t r a t e g i e s  and t a r g e t  p r ic e  
p o s i t io n s .
The second o b je c t iv e  i s  to  u se  th e  m arket r e la t io n s h ip s  
e s tim a te d  by t h i s  eco n o m etric  model ( r e f e r r e d  to  in  th e  f i r s t
o b je c t iv e )  in  a  s im u la tio n  model to  e v a lu a te  d i f f e r e n t  r i c e  re s e rv e  
s t r a t e g i e s  and d i f f e r e n t  t a r g e t  p r i c e s .  R e su lts  o f  d i f f e r e n t  
s t r a t e g i e s  w i l l  be  compared u s in g  th e  le v e l  and v a r i a b i l i t y  o f such 
r e le v a n t  economic v a r ia b le s  a s  r i c e  p r ic e d , farm  income and 
d e f ic ie n c y  paym ents r e s u l t i n g  from  th e se  e x p e rim en ts .
The S im u la tio n  P ro ced u re  Used in  th e  S tudy
A s im u la t io n  model was u sed  to  e v a lu a te  d i f f e r e n t  program s 
and s t r a t e g i e s .  I t  was s to c h a s t i c  in  n a tu r e ,  hav ing  b u i l t - i n  
s to c h a s t ic  p ro c e sse s  to  ap p ro x im ate  u n c e r ta in  y ie ld  and ex p o rt 
demand. Each ru n  o f  th e  model g e n e ra te s  f o r  each  v a r ia b le  a number 
o f  s t a t i s t i c s  t h a t  can  be u sed  .to compare d i f f e r e n t  s t r a t e g i e s .
The s t a t i s t i c s  g e n e ra te d  f o r  each  v a r ia b le  in c lu d e  mean, s ta n d a rd  
d e v ia t io n ,  and c o e f f i c i e n t  o f  v a r i a t i o n .
P rev io u s  R esearch
A number o f  s tu d ie s  have an a ly zed  th e  g ra in  in v e n to ry  
management prob lem . R e s u lts  o f  s e v e ra l  s tu d ie s  d e a lin g  w ith  v a r io u s  
a sp e c ts  o f t h i s  problem  a r e  p re s e n te d  h e re .
In  a 1952 s tu d y  K arl Fox and 0 . V. W ells an a ly zed  y ie ld  and 
consum ption v a r i a t io n s  to  d e te rm in e  th e  p r o b a b i l i t i e s  a s s o c ia te d
q
w ith  v a r io u s  p ro d u c tio n  d e f i c i t s  o v e r a  tw o-year p e r io d . I t  was 
found th a t  i t  would be re a so n a b le  to  s to c k  s u f f i c i e n t  q u a n t i t i e s  to
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Fox, K arl A ., and 0 . V. W e lls , R eserve L ev e ls  fo r  S to ra b le  
Farm P ro d u c ts . S en a te  Document, No. 130.
o f f s e t  one y e a r  o f v e ry  low y ie ld  fo llo w ed  by one y e a r  o f  m o d e ra te ly  
low y ie ld s .  I t  was concluded  t h a t  re a so n a b ly  good p r o te c t io n  would 
be a f fo rd e d  by re s e rv e s  o f  500 m i l l io n  b u s h e ls  o f  w h eat, 1 b i l l i o n  
b u sh e ls  o f  co rn  and 5 m il l io n  b a le s  o f  c o t to n .
In  1958 R obert L. G u sta fso n  developed  a s e t  o f  s to ra g e  r u le s  
t h a t  would in d ic a te  th e  amounts o f  g r a in  to  s to r e  to  maximize 
ex p ec ted  p u b lic  b e n e f i t s  over tim e f o r  each  p o s s ib le  su p p ly , s e v e ra l  
s to ra g e  c o s ts  and m arket c o n d i t io n s .^  The m easure o f  p u b lic  b e n e f i t s  
u sed  was th e  d o l l a r  v a lu e  o f  th e  a re a  u n d e r th e  demand c u rv e . An 
o p tim a l s e t  o f s to ra g e  r u le s  (a  p o lic y )  developed  by G u stafson  was 
c ap a b le  o f  in d ic a t in g  f o r  each  p o s s ib le  su p p ly  and f o r  s e v e ra l  
d i f f e r e n t  m arket c o n d itio n s  and s to ra g e  c o s t s ,  th e  q u a n t i ty  o f  g ra in  
to  p la c e  in  s to ra g e  to  maximize e x p ec te d  p u b lic  g a in . The s o lu t io n  
to  th e  feed  g ra in  problem  was developed  b o th  n u m e ric a lly  and 
g r a p h ic a l ly .
F re d e r ic k  V. Waugh in  1967 e s t im a te d  th e  d e s i r a b le  s to ra g e  
l e v e l s  f o r  a  la rg e  number o f  farm  com m odities i f  c e r t a i n  l e v e l s  o f 
demand o c c u rre d , and i f  c e r t a i n  s u b s t i t u t i o n  p o s s i b i l i t i e s  e x is t e d .
He e s tim a te d  th e  fo llo w in g  s to ra g e  g o a ls  a s  s a t i s f a c t o r y  f o r  th e  
fo llo w in g  g ra in s :
G u sta fso n , R obert L . ,  C arry o v er L ev e ls  f o r  G ra in . U .S. 
D epartm ent o f  A g r ic u l tu re ,  T e c h n ic a l B u l l e t in  No. 1178, W ashington, 
D. C .,  O c to b er, 1958.
Swaugh, F re d e r ic k  V ., "R eserve  S to ck s  o f  Farm P ro d u c ts ."  
A g r ic u l tu r a l  P o lic y : A Review o f  P rogram s. Volume V ., N a tio n a l
A dviso ry  Commission on Food and F ib e r ,  W ashington , D .C ., 1967, 
pp. 3 -5 2 .
8Rice 10 to  12 m i l l io n  cw t.
Corn 0 .8  to  1 .0  b i l l i o n  b u .
Wheat 0 .5 5  to  0 .65  b i l l i o n  bu .
O ther feed  g ra in s  35 to  40 m il l io n  cw t.
In  1971 R obert D. Fox d eveloped  a  s im u la tio n  model o f  th e
c u r r e n t  r i c e  program to  be u sed  by th e  p u b l ic  p o lic y  a d m in is tr a to r s  
and a n a ly s ts  o f  the  United S ta te s  D epartm ent o f  A g r ic u l tu re  in  
e v a lu a t in g  th e  fu tu r e  im pact o f  a l t e r n a t i v e  p o lic y  d e c is io n s  on th e
g
o p e ra t io n  o f  th e  r i c e  s u b s e c to r .
The main em phasis o f  th e  s tu d y  was on d ev e lo p in g  th e  
m ethodology fo r  s tudy  o f commodity program s and th e  l im i te d  number 
o f  e m p ir ic a l r e s u l t s  o b ta in ed  w ere o b ta in e d  on th e  b a s is  o f  c e r t a in  
s im p lify in g  assum ptions of th e  m odel. N e v e r th e le s s ,  th e  s tu d y  
p ro v id es  an i n t e r e s t in g  econom etric  model o f  th e  r i c e  in d u s try  in  
th e  U nited  S ta te s .
In  1974 W. R. B a iley  and o th e r s  d is c u s s e d  g ra in  s to c k  is s u e s  
and used  d a ta  r e l a t i n g  to  p a s t  p ro d u c tio n  and consum ption p a t te r n s  
o f  c o u n tr ie s  and re g io n s  th ro u g h o u t th e  w o rld  to  examine a  number 
o f  economic a sp e c ts  o f g ra in  s to c k s .^  They examined th e  deg ree  to  
w hich th e  s h o r t f a l l s  th a t  o c c u rre d  c o u ld  have been met by s to c k s  o f  
v a r io u s  s i z e s .  The c o s ts  o f  s to r in g  th e s e  a l t e r n a t i v e  le v e l s  o f
^Fox, D a lla s  R ., P o lic y  A n a ly s is  and S im u la tio n  M odeling f o r  
B as ic  G rain  Commodity Systems w ith  S p e c ia l  R eference  to  R ic e . 
U npublished  M.S. T h e s is , U n iv e r s i ty  o f  F lo r id a ,  G a in e s v i l le ,
F lo r id a ,  1971.
^ B a ile y , W. R ., F. A. K u tish , and A. S. R ojko, G rain  S tock  
I s s u e s  and A lte rn a t iv e s  - A P ro g re s s  R e p o r t . A g r ic u l tu r a l  Economic 
R esearch  R eport, U. S. D epartm ent o f  A g r ic u l tu r e ,  Economic R esearch 
S e rv ic e , F eb ru a ry , 1974.
s to c k s  w ere e s t im a te d . F in a l ly ,  th e  r e l a t io n s h ip  betw een s to c k  
le v e ls  and m arket p r ic e s  was m easured.
Each o f th e  two rem ain in g  s tu d ie s  i s  more c lo s e ly  r e la te d  
to  t h i s  s tu d y  o f  r i c e  r e s e rv e  management th an  th o se  p re v io u s ly  
d e s c r ib e d , and b o th  make u s e f u l  m e th o d o lo g ica l c o n t r ib u t io n s .
In  1971 L u th e r Tw eeten u sed  s im u la tio n  to  e v a lu a te  th e  
e f f e c t s  o f  th re e  a l t e r n a t i v e  w heat re s e rv e  management r u le s  on
Q
s e le c te d  w heat in d u s t r y  v a r i a b l e s .  I t  was shown t h a t  th e re  was
no re s e rv e  p o lic y  t h a t  was o p tim a l w ith  re g a rd  to  a l l  o b je c t iv e s ,
b u t th a t  i t  was p o s s ib le  to  e v a lu a te  p o l i c i e s  by t h e i r  im pact on
th e  mean and v a r ia n c e  o f  such  v a r ia b le s  a s  p r i c e s ,  income from
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w heat, s to c k s , and n e t  s o c i a l  c o s t .
I n i t i a l l y  th r e e  m odels w ere u sed . A ll  p a ram e te rs  and 
r e la t io n s h ip s  w ere unchanged becau se  a l l  th e  s i t u a t io n s  s tu d ie d  
d i f f e r e d  from each  o th e r  o n ly  in  e i t h e r  th e  demand f o r  s to c k  (c a r ry ­
over) fu n c tio n  o r  in  th e  s h o r t  ru n  su p p ly  fu n c t io n .
Each o f  th r e e  d i f f e r e n t  c a r ry o v e r  p o l i c i e s  gave r i s e  to  a 
d i f f e r e n t  type o f  demand f o r  s to c k s  fu n c t io n .  In  th e  f i r s t  m odel, 
th e  c a r ry o v e r  p o l ic y  r e p re s e n te d  was one in  w hich th e  governm ent's  
t a r g e t  c a r ry o v e r  was z e r o ,  and i t  was assumed t h a t  r e s e rv e s  would
^Tweeten, L u th e r ,  D ale K a lb f le is c h  and Y. C. Lu; An Economic 
A n a ly s is  o f  C arryover P o l i c i e s  f o r  th e  U n ited  S ta te s  Wheat I n d u s try . 
T ech n ica l B u l le t in  T -132, Oklahoma S ta te  U n iv e r s i ty ,  A g r ic u l tu ra l  
Experim ent S ta t io n ,  O c to b e r , 1971.
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Net s o c ia l  c o s t  i s  d e f in e d  a s  th e  a re a  betw een th e  demand 
and supp ly  cu rv es  t h a t  i s  bounded on th e  l e f t  by th e  q u a n ti ty  
a c tu a l ly  u t i l i z e d .
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be h e ld  by the  In d u s try  a s  a  norm al b u s in e ss  p r a c t i c e .  In  th e  
second m odel, th e  c a r ry o v e r  p o l ic y  re p re s e n te d  i s  s im i la r  to  th a t  
in  th e  c u r re n t  governm ent program  w here w heat c a r ry o v e r  i s  u sed  to  
s t a b i l i z e  p r ic e  and to  m eet em ergency n e ed s . In  th e  t h i r d  model 
the  c a rry o v e r p o l ic y  im plem ented i s  t h a t  d e r iv e d  from a dynamic 
programming model used  to  m in im ize n e t  s o c ia l  c o s t .
Two d i f f e r e n t  s h o r t  ru n  su p p ly  fu n c tio n s  w ere u se d . In  th e  
f i r s t  model fo u r d i f f e r e n t  su p p ly  s i t u a t io n s  w ere u sed . Supply was 
c o n sid e red  to  be m arket d e te rm in ed  in  th e  f i r s t  s i t u a t i o n .  In  th e  
o th e r  th re e  s i tu a t io n s  su p p ly  was assumed to  be s e t  exogenously  
acco rd in g  to  th e  ac reag e  d e c is io n  r u le  where th e  t a r g e t  c a r ry o v e r  
was s e t  a t  th re e  d i f f e r e n t  l e v e l s .
The second model p ro v id ed  f o r  s to c k s  to  be u sed  to  m a in ta in  
p r ic e  w ith in  c e r t a in  p re s c r ib e d  l i m i t s ,  o r ,  c o n v e rse ly , u sed  m arket 
p r ic e  to  in d ic a te  a p o t e n t i a l l y  u n d e s ir a b le  s i t u a t i o n  o f  sh o rta g e  
o r su rp lu s  th a t  w a rra n ts  p re v e n tio n  v ia  an in v e n to ry  a d ju s tm e n t.
The fo u r  supp ly  s i t u a t io n s  u sed  in  th e  f i r s t  model w ere a ls o  used 
in  th e  second m odel. Twelve p r ic e  ra n g e s  and fo u r  supp ly  s i t u a t io n s  
produced 48 d i f f e r e n t  s i t u a t i o n s  to  be r e p o r te d .
The th i r d  model was d e s ig n e d  to  t e s t  th e  r e s u l t s  o f the 
dynamic programming a n a ly s i s .  I t  e s ta b l i s h e d  as  c a r ry o v e r  from one 
p e rio d  to  th e  n e x t a p o r t io n  o f  th e  amount by w hich t o t a l  su p p ly  
exceeds the assumed e q u i l ib r iu m  demand o f  1550 m il l io n  b u s h e ls .  The 
model was s im u la ted  u s in g  th e  same su p p ly  s i t u a t io n s  a s  th e  f i r s t  
two m odels.
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In  1975 J e r r y  A. S h a rp ie s  and Rodney A. W alker used  a 
re s e rv e  s to ck s  s im u la tio n  model to  a n a ly z e  th e  u se  o f  lo an  r a t e s  
and t a r g e t  p r ic e s  f o r  w h e a t .^  The model u sed  was s im i la r  to  
T w ee ten 's  second model d e sc r ib e d  above. The s tu d y 's  fo cus o f  
a t t e n t i o n  was p r ic e  and income s t a b i l i t y ,  t h e r e f o r e ,  th e  em phasis 
was on d e v ia t io n s  o f p ro d u c tio n  and u t i l i z a t i o n  from  th e  mean r a th e r  
th a n  on th e  mean o r expected  v a lu e s .
I t  was found t h a t ,  even though th e  chosen  lo an  r a t e  and 
t a r g e t  p r ic e  w ere co n sid e red  to  be r e a l i s t i c ,  th e y  p ro v id ed  v e ry  
l i t t l e  income and p r ic e  s t a b i l i t y .  H igher t a r g e t  p r i c e s ,  however, 
ten d ed  to  in c re a se  d e f ic ie n c y  paym ents to  p ro d u c e rs  and to  reduce  
th e  v a r i a b i l i t y  o f  p ro d u c e r 's  income.
I t  was a l s o  found th a t  when th e  lo a n  r a t e  (su p p o r t  p r ic e )  
was in c re a se d  and th e  t a r g e t  p r ic e  h e ld  c o n s ta n t ,  s to c k s  tended  to  
in c r e a s e ,  a re d u c tio n  in  th e  v a r i a t i o n  o f p r ic e  and income o c c u rre d , 
th e  p ro b a b i l i ty  o f  runn ing  o u t o f  r e s e rv e  s to c k s  o f  g ra in  was 
d e c re a se d , and t o t a l  government c o s ts  w ere re d u c ed .
An O u tlin e  o f  th e  Study
C hapter 2 o f  th i s  s tu d y  d e a ls  w ith  s e le c te d  a sp e c ts  o f  th e  
r i c e  in d u s try  and in c lu d e s  a  d is c u s s io n  o f  r e s e rv e  management.
^ S h a r p i e s ,  J e r ry  A ., and Rodney L. W alker; A n a ly s is  o f 
Wheat Loan Rates and T a rg e t P r ic e s  U sing a Wheat R eserve S tock  
S im u la tio n  Model. CED Working P ap e r, Economic R esearch  S e rv ic e , 
U .S .D .A ., May 1975.
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C hap ter 3 o u t l in e s  th e  econom etric  m odels, d e s c r ib in g
v a r ia b le s  and d is c u s s in g  t h e i r  r e l a t i o n s h ip s .  The e s tim a te d
p aram ete rs  o f  th e se  models a re  p re sen te d  and d is c u s s e d  in  C hap ter 4 .
C hap ter 5 p re s e n ts  th e  s im u la tio n  r e s u l t s .  The models used
in c lu d e  (1 ) one in  which government r e s e rv e  management a c t i v i t y  i s  
a b se n t ( th e  " f r e e  m arket" m odel), (2 ) one u sed  to  t e s t  th e  u se  o f 
numerous p r ic e  l im i t  s t r a t e g i e s  in  m anaging r i c e  r e s e r v e s  and (3) 
a model s im i la r  to  th e  second w ith  a  t a r g e t  p r ic e  f e a tu r e  added . 
R e su lts  o f  in d iv id u a l  models a re  d is c u s s e d  and com parisons a re  
made betw een r e s u l t s  o f  d i f f e r e n t  m odels and betw een w i th in  model 
s t r a t e g i e s .
C hap ter 6 p re s e n ts  a  study o u t l i n e ,  d is c u s s e s  th e  r e s u l t s  
and draws some c o n c lu s io n s  from th e s e  r e s u l t s .
Chapter 2
THE RICE INDUSTRY AND A RESERVE PROGRAM
The im pact o f  a  re s e rv e  management program  on th e  U .S . r i c e  
in d u s t ry  may be ex p ec ted  to  r e f l e c t  b o th  th e  n a tu re  o f th e  r e s e rv e  
program  and th e  n a tu re  o f  th e  in d u s t r y .  In  t h i s  c h a p te r , th e r e f o r e ,  
r e le v a n t  a s p e c ts  o f  th e  r i c e  in d u s t r y  a r e  d is c u s s e d , and a r e s e rv e  
program  i s  d e s c r ib e d .
S e le c te d  F e a tu re s  o f  th e  R ice In d u s try
T h is  s e c t io n  fo cu ses  on th e  r o l e  o f  government in  r e l a t i o n  
to  th e  in d u s tr y  and on demand and su p p ly  p e c u l i a r i t i e s  t h a t  have 
re le v a n c e  to  t h i s  s tu d y .
The Role o f  Government in  th e  R ice In d u s try
A lthough  th e  r i c e  in d u s try  h as  been a f f e c te d  fo r  more th an  
fo u r  decades by l e g i s l a t i o n  aimed a t  s t a b i l i z i n g  the  in d u s try ,  th e  
p re s e n t  in d u s t r y  s t r u c tu r e  has been  a f f e c te d  m ainly by th e  
l e g i s l a t i o n  e n ac te d  d u rin g  th e  l a s t  tw enty-tw o y ears  (1954 to  1976). 
For most o f  t h a t  tw enty-tw o y e a r  p e r io d  th e  n a tu re  o f  th e  r i c e  
program  was s u b je c te d  to  m o d if ic a tio n s  th a t  w ere on ly  minor in  
n a tu r e .  In  1976, how ever, new l e g i s l a t i o n  became e f f e c t iv e  w hich 
a l t e r e d  th e  n a tu re  o f  th e  r i c e  program  in  a  m ajor way.
The main program  change w rought by t h i s  l e g i s l a t i o n ,  The 
R ice P ro d u c tio n  Act o f  1975, was t h a t  th e  s t r i c t  c o n tro l  o f
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p ro d u c tio n  t h a t  had e x is te d  fo r  ab o u t tw enty  y e a rs  was abandoned.
No lo n g e r  i s  r i c e  p ro d u c tio n  r e s t r i c t e d  to  c e r t a in  farm s o r  p e rso n s , 
and th e r e  i s  no l i m i t  to  th e  a c rea g e  t h a t  may be p la n te d  to  r i c e .  
T h is l e g i s l a t i o n ,  how ever, i s  c u r r e n t ly  tem porary  in  n a tu re ,  
ap p ly in g  o n ly  to  th e  c ro p s  grown in  1976 and 1977.
The m ain f e a tu r e s  o f  th e  r i c e  program s th a t  w ere in  
o p e ra t io n  be tw een  1954 and 1976 w i l l  be d is c u s se d  h e re , and t h i s  
w i l l  be fo llo w ed  by a  d e s c r ip t io n  o f  th e  main p ro v is io n s  o f  th e  
R ice P ro d u c tio n  A ct o f  1975.
The r i c e  program s in  o p e ra t io n  betw een 1954 and 1976 had 
two b a s ic  o b je c t iv e s :  1) to  b r in g  p ro d u c tio n  c lo s e r  in  l i n e  w ith
demand th ro u g h  a c rea g e  and m ark e tin g  c o n t r o l s ,  and 2) to  p u t a 
f lo o r  u n d e r th e  p ro d u c e rs ' p r ic e s  th ro u g h  p r ic e  su p p o rt o p e ra tio n s.* "  
A creage a l lo tm e n ts  w ere used  to  c o n t r o l  p ro d u c tio n , b u t to  some 
e x te n t ,  th e  ach ievem en t o f  t h e i r  o b je c t iv e  was d e fe a te d  by 
im provem ents in  tech n o lo g y . N on-recou rse  lo an s  and p u rch ase s  were 
used  a s  a  d i r e c t  form  o f  p r ic e  s u p p o r t .  P r ic e s  w ere f u r th e r  
su p p o rted  i n d i r e c t l y  by governm ent p u rch ases  o f  r i c e  fo r  u se  in  
dom estic  food a id  program s and by program s to  a s s i s t  e x p o r ts .
Government a s s is ta n c e  to  e x p o r ts  took  two main form s. 
F i r s t l y ,  la r g e  q u a n t i t i e s  o f  U. S . r i c e  w ere e x p o rte d  under th e  
p ro v is io n s  o f  th e  A g r ic u l tu r a l  T rade Development A ct o f  1954, o th e r ­
w ise  known a s  P .L . 480 . Secondly , e x p o r t payments were made to
*-U. S . D epartm ent o f  A g r ic u l tu re ,  ASCS Background 
In fo rm a tio n , ASCS R ice Program s, ASCS, BI No. 22, 1964.
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en ab le  U. S. r i c e  to  compete in  w orld  m arkets when U. S. p r ic e s
2
w ere g r e a te r  th a n  th e  w orld  p r ic e .
The c u r r e n t  r i c e  program  1976 i s  more f l e x i b l e  th an  th e  
p re v io u s  program  in  t h a t  i t  a llo w s p rod u cers  to  respond  to  m arke t 
s ig n a l s  f o r  changes in  th e  le v e l  o f p ro d u c tio n . In  t h i s  way i t  i s  
s im i la r  to  th e  c u r r e n t  program fo r  w heat and feed  g ra in s  in tro d u c e d  
in  1973.
In  a d d i t io n  to  p ro v id in g  freedom  from p ro d u c tio n  c o n t r o l s ,  
th e  program  a ls o  p ro v id e s  f o r  d e f ic ie n c y  paym ents, d i s a s t e r  
paym ents, a c rea g e  s e t  a s id e ,  and su p p o rt o f  p r ic e s  th rough  lo a n s  
and p u rc h a se s .
The c u r r e n t  program  s t i l l  a f fo rd s  a c o n s id e ra b le  d e g re e  o f  
p r o te c t io n  to  th o se  who w ere a u th o riz e d  to  produce r i c e  u n d e r th e  
p re v io u s  program . These p ro d u cers  c o n tin u e  to  have a l lo tm e n t 
h i s to r y  w hich e n t i t l e s  them to  re c e iv e  d e f ic ie n c y  paym ents, d i s a s t e r  
paym ents and p r ic e  su p p o rt th rough  n o n -reco u rse  lo a n s  on th e  b a s i s
o f  t h e i r  a l lo tm e n t f o r  th e  c u r r e n t  y e a r .  T o ta l paym ents, b o th
d e f ic ie n c y  and d i s a s t e r  a re  l im i te d ,  however, to  $55,000 p e r  
" p e rso n " . P erso n  i s  d e fin e d  in  th e  A c t. There i s  no such 
p r o te c t io n  p ro v id ed  to  th e  "o ld "  p roducer in  r e s p e c t  o f  n o n -a llo tm e n t 
r i c e  a c rea g e  th a t  he may p la n t ,  o r  to  th e  "new" p ro d u cer w i th  r e s p e c t
to  h is  t o t a l  a re a  p la n te d  to  r i c e .
o
U. S. D epartm ent o f  A g r ic u l tu re ,  A g r ic u l tu r a l  Handbook 444 
p ro v id e s  in fo rm a tio n  co n ce rn in g  p o lic y  in s tru m e n ts  such  a s  lo an  
r a t e s  and m arket q u o ta s .
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N otab le  C h a r a c te r i s t i c s  o f  Demand and 
S upply . 1954 to  1976
Demand and su p p ly  c o n d it io n s  r e ta in e d  a  c o n s id e ra b le  degree  
o f  hom ogeneity d u r in g  th e  p e r io d  1954 to  1971, b u t some g r e a t  
changes o c cu rred  in  th e  p e r io d  1972 to  1976. C o n d itio n s  f o r  th e  
p e r io d  1954 to  1971 w i l l  be  f i r s t  d is c u s se d  and t h i s  d is c u s s io n  
w i l l  be fo llow ed  by a  d e s c r ip t io n  o f  th e  changes t h a t  o c cu rred  in  
th e  more re c e n t  y e a r s .
The P e r io d  1954 to  1971: As in d ic a te d  in  C h ap ter 1 t h i s
p e rio d  was c h a r a c te r iz e d  by tendency  to  over p ro d u c tio n  r e s u l t in g  
in  sup p ly  le v e l s  in  e x c e ss  o f  th e  q u a n t i ty  demanded d o m e s t ic a lly  
and a b ro a d .^
Even though p ro d u c tio n  c o n t r o ls  e x i s t e d ,  su p p ly  u s u a l ly  
o u ts tr ip p e d  demand and th e r e  was a  ten d en cy  to  accu m u la te  la rg e  
s to c k s .  T h is u s u a l ly  r e q u ire d  th e  u se  o f  even s t r i c t e r  c o n t r o l  o f  
p ro d u c tio n . D om estic demand was a b le  to  abso rb  ap p ro x im a te ly  h a l f  
th e  su p p ly  and th u s  l e f t  h a l f  th e  c ro p  to  be s to re d  o r  s o ld  in  th e  
e x p o rt m ark e t. In  th e  dom estic  m arket p e r  c a p i t a  consum ption  has 
been  q u i te  sm a ll (a b o u t 8  pounds) te n d in g  to  grow s lo w ly . Income 
e l a s t i c i t y  o f  demand was a l s o  low, th e r e f o r e ,  in c re a s e  in  dom estic  
demand came l a r g e ly  from  p o p u la tio n  in c r e a s e s .
Even though  th e  U n ited  S ta te s  has tended  to  acco u n t f o r  a 
t in y  f r a c t i o n  o f  w o rld  r i c e  p ro d u c tio n , i t s  sh a re  o f  th e  w orld  
tr a d e  in  r i c e  h as  been  o f  th e  o rd e r  o f  30 to  40 p e r c e n t .  From
^See Appendix A, T ab le  1 f o r  r i c e  d a ta  from  th e  p e rio d  1954
to  1975.
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y e a r to  y e a r , how ever, th e  a b so lu te  le v e l o f  e x p o r ts  h a s  f lu c tu a te d  
c o n s id e ra b ly , and so has th e  r a t i o  o f  U. S . e x p o r ts  to  U. S. 
su p p ly . A n a ly s is  o f  th e  com position  o f U. S . e x p o r ts  shows th a t  
a lth o u g h  com m ercial ex p o rts  have been v a r i a b le ,  th e  m ain so u rce  o f  
v a r i a t io n  has b e en  governm ent a s s i s te d  e x p o r ts .  H ost governm ent 
e x p o r ts  have b een  made under th e  a u th o r iz a t io n  o f  P u b l ic  Law 480 - 
83rd C ongress.,, th e  A g r ic u l tu r a l  Trade Development and A s s is ta n c e  
A ct o f  1954. Under th i s  a c t ,  s a le s  and d o n a tio n s  o f  r i c e  may be 
made to  c o u n tr ie s  f r ie n d ly  to  th e  U nited S t a t e s .  Such s a le s  and 
d o n a tio n s , made in  re sp o n se  to  m i l i t a r y  and p o l i t i c a l  em ergencies 
o c c u r r in g  h a p h a z a rd ly , have a  p o te n t ia l ly  la r g e  d e s t a b i l i z i n g  
e f f e c t  on the  d o m estic  m ark e t.
V a r ia t io n  in  p ro d u c tio n  in  a g iven  y e a r  was m a in ly  
in f lu e n c e d  by changes in  th e  n a t io n a l  r i c e  a c re a g e  a l lo tm e n t  and by 
w ea th e r v a r i a t i o n .  W eather v a r i a t io n  m ain ly  in f lu e n c e d  y i e l d ,  b u t 
a ls o  in f lu e n c e d  a re a  h a rv e s te d  to  a sm all e x t e n t .  Supp ly  v a r i a t i o n  
d u rin g  th e  p e r io d  in  q u e s tio n  w as, th e r e f o r e ,  m ain ly  a  fu n c t io n  o f 
governm ent p o l ic y  and w ea th e r.
The P e rio d  1971 to  1976: Bough r i c e  p r i c e s ,  w hich  had
s tay e d  w ith in  40 c e n ts  p e r cw t. above or below  $5 .00  d u r in g  th e  
p e rio d  1966-71 jumped abou t 26 p e rc e n t in  1972, re a c h e d  $13.80 in  
1973, f e l l  to  $10 .78  in  1974 and $7.93 in  19 7 5 .4 T h is  phenomenal 
in c re a s e  in  p r ic e  i s  g e n e ra l ly  a t t r ib u te d  to  th e  o c c u r re n c e  o f  
s h o r ta g e s  o f r i c e  th ro u g h o u t th e  w orld o ccas io n ed  by a s e r i e s  of
4lbid.
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poor h a rv e s ts  In  A sia  t h a t  drew w orld  and U. S . s to c k s  down to  
d a n g e ro u sly  low l e v e l s .  Some p a r t  o f  th e  p r ic e  in c r e a s e s ,  how ever, 
may be a t t r i b u t a b l e  to  s p e c u la t iv e  p u rch asin g  and to  th e  i n s t a b i l i t y  
th en  e x i s t i n g  in  in t e r n a t io n a l  money m ark e ts .
A lthough  r i c e  p r i c e s ,  as o f  th e  1975 m ark e tin g  y e a r ,  
rem ained  a t  a  le v e l  a lm o st 60 p e rc e n t h ig h e r  th a n  th e  a v e rag e  le v e l  
o f  th e  tw en ty  y e a rs  b e fo re  1972, c u r r e n t  p r ic e s  a re  re g a rd e d  as  v e ry  
low r e l a t i v e  to  c u r r e n t  c o s t  o f  p ro d u c tio n  and to  p r ic e s  o f  o th e r  
a g r i c u l t u r a l  com m odities. The c u r r e n t  le v e l  o f  s to c k s  i s  th e  
h ig h e s t  t h a t  has o ccu rred  s in c e  th e  m iddle o f  th e  s ix th  decade o f  
t h i s  c e n tu r y .  T h is  s to c k  le v e l  i s  p e rc e iv e d  to  be a  p r i c e  
d e p re s s a n t .
The c u r r e n t  p r ic e  and s to c k s  s i t u a t i o n  i s  a  r e s u l t  o f  1) 
in c re a s e d  U. S. p ro d u c tio n  made p o s s ib le  by th e  new r i c e  program , 
and o f  2) a d e c l in e  i s  e x p o rt demand. The d e c l in e  in  e x p o r ts  i s  
m ain ly  a s s o c ia te d  w ith  fa v o ra b le  dem and-supply b a la n c e s  w hich  w ere 
caused  m ain ly  by good w ea th e r in  r i c e  p ro d u c in g  c o u n t r i e s .
A R ice R eserve Program
The t i g h t  su p p ly  s i t u a t i o n  in  w orld  m arke ts  f o r  g r a in  
( in c lu d in g  r i c e )  in  1972 th rough  1974 b ro u g h t f o r th  num erous 
p ro p o sa ls  f o r  th e  e s ta b lis h m e n t o f  a g ra in  r e s e r v e . '’ D iscu ssed  w ere 
many d i f f e r e n t  ty p es  o f  re s e rv e s  to  p r o te c t  th e  w o rld  p o p u la t io n  o r
-’Fo r exam ple, se e  B a ile y , W. R ., F . A. K u tish  and A. S. 
R ojko, G ra in  S to ck s  I s s u e s  -  A P ro g re ss  R ep o rt. (W ashing ton , D. C .: 
U. S . Government P r in t in g  O f f ic e ) ,  1974.
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p a r t s  o f  i t  from  th e  i l l  e f f e c t s  o f  tem porary im b a lan ces  betw een 
demand f o r  and supp ly  o f  g r a in .  Those re s e rv e  program s d is c u s s e d ,  
w hich w ere o f  most im portance  o r i n t e r e s t  to  th e  U n ited  S t a t e s ,  
w ere th e  in te r n a t io n a l  g r a in  re s e rv e  and th e  d o m estic  U. S . g ra in  
r e s e r v e .
This d i s s e r t a t i o n ,  d e a lin g  w ith  a dom estic  r e s e r v e  f o r  r i c e ,  
ta k e s  a s  i t s  p o in t  o f  d e p a r tu re  th e  b e l i e f  t h a t  s o c ie ty  d e s i r e s  a 
p o l ic y  o f  u s in g  r i c e  r e s e rv e s  to  ach iev e  th e  g o a l o f  n u l l i f y i n g  
such  i l l  e f f e c t s  o f  r i c e  dem and-supply im balances on th e  U. S . 
economy as  th e  inco n v en ien ce  th a t  sh o rta g es  would c au se  i n  th e  
dom estic  and t r a d i t i o n a l  m ark e ts , and th a t  w hich m arke t i n s t a b i l i t y  
would cause  to  p ro d u c e rs , consum ers and b u s in e s s e s  t h a t  h a n d le  r i c e  
betw een th e  farm  and r e t a i l  o u t l e t s .
Some o f th e  p o t e n t i a l  i l l  e f f e c t s  o f  a dem and-supply  
im balance in  th e  r i c e  m arke t were a c tu a l ly  f e l t  in  th e  1972 to  1974 
p e rio d  and th e se  have been  r e f e r r e d  to  p re v io u s ly  in  t h i s  s tu d y .
O ther p o te n t i a l  i l l  e f f e c t s  n o t ex p erien ced  by th e  r i c e  m ark e t were 
ex p e rien ced  in  o th e r  g ra in  m ark e ts . The a c tu a l  e f f e c t s  o f  th e  
s ev e re  dem and-supply im balance t h a t  o ccu rred  in  th e  1972-1974 p e rio d  
a re  d is c u s s e d  in  o rd e r  to  i l l u s t r a t e  how se v e re  and p e rv a s iv e  the  
p o t e n t i a l  e f f e c t s  can a c tu a l ly  b e .
In  th e  dom estic  m arket a l l  g ra in s  ex p e rien c e d  u n p re c e d e n te d ly  
g re a t  p r ic e  in c re a s e s  in  a v e ry  s h o r t  time d u rin g  1972 to  1974. In  
th e  c a se  o f r i c e  i t  may be argued th a t  because  av e rag e  p e r  c a p i t a  
consum ption o f  r i c e  was v e ry  low, the  t o t a l  e f f e c t  on th e  in d iv id u a l  
r e s id e n t  was n o t v e ry  s i g n i f i c a n t .  A la rg e  f r a c t i o n  o f  d o m estic  
U. S. r i c e  consum ption , how ever, i s  accounted f o r  by c e r t a i n  e th n ic
groups who t r a d i t i o n a l l y  consume la rg e  amounts o f r i c e  p e r  y e a r .
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T h e re fo re , th e  im pact o f  th e  r i c e  p r ic e  in c re a se  f e l l  v e ry  h e a v ily  
on th o se  g ro u p s . A lso , f o r  th e  co u n try  as  a whole th e  g r a in  p r ic e  
in c r e a s e  g e n e r a l ly  made a s ig n i f i c a n t  c o n tr ib u t io n  to  th e  in c re a s e  
in  th e  i n f l a t i o n  r a t e  and i t s  im pact was m agnified  l a t e r  b y  a 
r e c e s s io n .
Consumer d is c o n te n t  w ith  th e  e x is t in g  deg ree  o f  p r i c e  
r a t i o n i n g  and f e a r  o f  th e  p o te n t i a l  u n a v a i l a b i l i ty  o f  some g ra in s  
le d  to  an  e x p o r t  embargo. T here was no embargo on e x p o r ts  o f  r i c e  
b u t  p ro d u ce r groups became alarm ed over p ro sp e c ts  o f  an em bargo.
Commercial e x p o r ts  o f  U. S . r i c e  expanded g r e a t l y ,  ra t io n e d  
by p r i c e  betw een th e  t r a d i t i o n a l  ex p o rt m arkets and some non- 
t r a d i t i o n a l  e x p o rt m a rk e ts . Food a id  shipm ents w ere g r e a t l y  
c u r t a i l e d ,  as U. S. s to c k s  w ere d e p le te d . With w orld  p r i c e s  w e ll 
above U. S . su p p o rt p r ic e  l e v e l s  th e  ex p o rt su b sid y  was d is c o n t in u e d .
The im pact o f  t h i s  r i c e  dem and-supply im balance on 
t r a d i t i o n a l  fo r e ig n  consum ers o f U. S . r i c e  was s e v e re . Not o n ly  
w ere f o r e ig n  consum ers o f  U. S . r i c e  fo rced  to  pay a  h ig h  w orld  
p r ic e  f o r  r i c e  w ith o u t b e n e f i t  o f th e  ex p o rt s u b s id y , and a id  
r e c i p i e n t s  in  many c a se s  to  ex p erien ce  d r a s t i c  r e d u c t io n s  in  U. S. 
r i c e  sh ip m e n ts , b u t th ey  w ere both faced  w ith  u n c e r t a i n t i e s  w ith  
r e g a rd  to  th e  U n ited  S ta te s  a s  a dependable source  o f  su p p ly  when 
th e  embargo was p laced  on o th e r  U. S . g ra in  e x p o r ts .
A lthough th e  t i g h t  supp ly  s i t u a t io n  re c e iv e d  c o n s id e ra b le  
a t t e n t i o n ,  perhaps b ecause  th e  u l t im a te  e f f e c t  o f i t s  ex trem e 
c o n d i t io n ,  nam ely, d ea th  th ro u g h  s ta r v a t io n ,  i s  n o t r e v e r s i b l e ,  th e  
o p p o s i te  po le  o f  th e  dem and-supply im balance, an o v e r - s u p p ly  
s i t u a t i o n ,  i s  one t h a t  a l s o  b e n e f i t s  from the  e x is te n c e  o f  a p o lic y
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to  m a in ta in  r e s e r v e s .  T h is , th e  c ase  o f  p r ic e  and income su p p o rt 
th ro u g h  s to ra g e , i s  to o  w e ll known in  th e  r i c e  economy to  w a rra n t 
e la b o r a t io n  h e re . The need f o r  such a  mechanism to  be a b le  to  
p ro v id e  a le v e l  o f  r e s e rv e s  t h a t  i s  n o t too  sm a ll o r  too  g r e a t  w h ile  
p e rfo rm in g  i t s  income su p p o rt fu n c tio n  w i l l  be  d is c u s s e d  l a t e r .
R eserves Held by Government
In  t h i s  s tu d y  i t  i s  assumed t h a t  a l l  r e s e r v e s  w i l l  be h e ld  
by  governm ent. There i s  no re a so n  t h a t  r e s e rv e s  c o u ld  n o t be  h e ld  
b o th  by  governm ent and by  co ranerc ia l i n t e r e s t s .  T h is  method o f 
h o ld in g  r e s e r v e s ,  how ever, i s  n o t examined in  t h i s  s tu d y . R ice h e ld  
by m i l l s ,  p ro c e ss o rs  and o th e rs  i s  assumed to  be p ip e l in e  s to c k s .  
A lthough  i t  may b e  argued  th a t  com m ercially  owned r e s e r v e s  p ro b ab ly  
would be h e ld  much o f  th e  tim e in  th e  ab sen ce  o f  governm ent h e ld  
s to c k s  th e r e  i s  no c e r t a i n t y  t h a t  th e s e  r e s e rv e s  would be h e ld  to  
m eet e x tr a o r d in a r y  o r  unexpec ted  need . Economic r a t i o n a l i t y  would 
d i c t a t e  t h a t  a b u s in e s s  man shou ld  n o t h o ld  r e s e r v e s  f o r  u se  in  an 
e x tr a o r d in a r y  em ergency because  he can n o t a t t a c h  an  e x p e c ta t io n  o f 
p r o f i t a b i l i t y  to  an u n p re d ic ta b le  e v e n t .
O ther argum ents t h a t  may be advanced f o r  a  governm ent h e ld  
r e s e rv e  a re  t h a t  1 ) th e  governm ent co u ld  be e x p ec te d  to  manage 
r e s e r v e s  w ith  due re g a rd  fo r  th e  r i g h t s  o f  a l l  g roups in  s o c ie ty ;
2 ) th e  p r o te c t io n  o f  s o c ie ty  in  emergency s i t u a t i o n s  i s  re g a rd e d  as  
a r e s p o n s i b i l i t y  o f  governm ent; and 3) a  mechanism t h a t  co u ld  be 
used  f o r  th e  a c q u i s i t io n  o f  re s e rv e  s to c k s  by governm ent a lre a d y  
e x i s t s  and has been  u sed  f o r  d ecad es . The mechanism r e f e r r e d  to  i s
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th e  p r ic e  su p p o rt mechanism, w hich c a u se s  r i c e  to  be a c q u ire d  and 
s to re d  by th e  governm ent's  Commodity C re d i t  C o rp o ra tio n  in  o rd e r  
to  su p p o rt p r ic e s .
R eserves Managed by Means o f P r ic e  L im its
R ecen t r i c e  l e g i s l a t i o n  r e p re s e n te d  an  a tte m p t to  s h i f t  th e  
onus f o r  p ro v is io n  o f  p ro d u c e rs ' income from  governm ent to  the  
m arket p la c e .  A r i c e  re s e rv e  program  t h a t  would be co m p atib le  w ith  
t h i s  o b je c t iv e  o f  th e  1975 l e g i s l a t i o n  would a tte m p t to  a llow  
norm al p r ic e  f lu c tu a t io n s  to  o ccu r and would i n t e r f e r e  o n ly  when 
u n fo rse e n  e v e n ts  tended  to  cau se  s e v e re  f lu c tu a t io n s  and d i s lo c a t io n s  
in  th e  m ark e t.
Normal p r ic e  f lu c tu a t io n s  in  a p ro p e r ly  fu n c tio n in g  m arket 
a re  th o se  w hich a re  s u f f i c i e n t l y  g r e a t  to  cau se  b o th  p ro d u ce rs  and 
consum ers to  respond  in  a m arket e q u i l i b r a t i n g  m anner. F or exam ple, 
when s u p p lie s  become s h o r t  r e l a t i v e  to  demand th e  p r ic e  r i s e  w hich 
ensu es  sh o u ld  be s u f f i c i e n t l y  g r e a t  to  re d u c e  consum ption , and l a t e r  
to  encourage p ro d u cers  to  a d ju s t  p ro d u c tio n  o f  r i c e  upw ards.
The re fe re n c e  p o in t f o r  p r ic e  f lu c tu a t io n s  i s  th e  long  ru n  
e q u il ib r iu m  p r ic e .  The p ro p e r p lacem en t o f  u p p e r and low er p r ic e  
l i m i t s ,  th e n , i s  made w ith  r e f e r e n c e  to  t h i s  e q u il ib r iu m  p r ic e .  The 
band betw een th e  p r ic e  l im i t s  r e p r e s e n ts  an a re a  w i th in  w hich th e  
m arket o p e ra te s  f r e e ly  w ith o u t in te r f e r e n c e  from  th e  s to c k  management 
a u th o r i ty .  The w ider t h i s  band th e  more freedom  allow ed  in  th e  
m arket and th e  le s s  th e  s to c k  management a c t i v i t y .
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The low er l im i t  i s  th e  p r ic e  f lo o r  o r  su p p o rt p r ic e .  I t s  
p o s i t io n  in  r e l a t i o n  to  the  e q u i l ib r iu m  p r i c e  and to  th e  le v e l  o f 
v a r ia b le  c o s ts  o f p roducing  r i c e  d e te rm in e s  th e  e x te n t  to  w hich 
re s o u rc e  u se  in  r i c e  p ro d u c tio n  re sp o n d s  to  m arke t s t im u l i .  I f  the  
p r ic e  l im i t  i s  p laced  below th e  v a r ia b le  c o s t  le v e l  th e n  an extrem e 
f lu c tu a t io n  to  t h a t  le v e l  would ten d  to  d r iv e  re s o u rc e s  o u t o f  r i c e  
p ro d u c tio n . I t s  p lacem ent above th e  v a r i a b le  c o s t  le v e l  in c lu d in g  
o p p o r tu n i ty  c o s ts  o f  n o t producing  o th e r  c r o p s ,  b u t  below  th e  t o t a l  
c o s t  le v e l  would h e lp  to  en su re  t h a t  o c c a s io n a l  an n u a l d ip s  in  
p r ic e  to  t h a t  le v e l  would n o t cau se  re s o u rc e s  to  le av e  r i c e  
p ro d u c tio n  u n j u s t i f i a b l y .
The upper p r ic e  l im i t  i s  th e  p r ic e  c e i l i n g  o r  r e le a s e  p r i c e .  
Should p r ic e s  reach  t h i s  le v e l  and te n d  to  be  pushed above i t ,  
s to c k s  would be re le a s e d  a t  t h i s  p r ic e  u n t i l  s u p p l ie s  w ere in  
e q u il ib r iu m  w ith  q u a n ti ty  demanded a t  th e  u p p e r  p r i c e  l i m i t .  Should 
th e  q u a n t i ty  o f  r i c e  in  s to ck  prove in a d e q u a te  fo r  th e  ta s k ,  th e n  
p r ic e  would s e t t l e  a t  a le v e l  a t  w hich q u a n t i ty  demanded was e q u a l 
to  th e  q u a n t i ty  a v a i l a b le .
A R eserve Management Model
R eserve management by means o f  p r ic e  l im i t s  i s  shown in  
F ig u re  1 . I t  i s  assumed th a t  a l l  r e s e r v e s  a r e  h e ld  by  governm ent, 
and th a t  im p o rts  eq u a l z e ro . The u p p e r and low er p r i c e  l i m i t s ,  
o th e rw ise  r e f e r r e d  to  a s  r e le a s e  and su p p o rt p r ic e s  r e s p e c t iv e ly ,  
a re  shown to g e th e r  w ith  th e  e q u il ib r iu m  p r ic e  in  F ig u re s  la  and lb .
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F ig u re  1. S to ck  Management by  P r i c e  L im its
DH
P r ic e
PR
DH H igh L ev e l Demand 
BH Q u a n ti ty  o f S to ck s 
R eleased
P*
PS
G Q u a n t i ty
F ig u re  l a .  S tocks D ecreased
PR R e lea se  P r ic e  
P* E q u ilib riu m  P r ic e  
PS Loan R ate o r  
S upport P r ic e
AB P ro d u c tio n  
BC S to c k s  a t  b eg in n in g  
o f  th e  y e a r  
AC T o ta l  Supply
P r ic e
DL Low L ev e l Demand 
BL Q u a n ti ty  Added to  
S to ck s
Q u a n ti ty
F ig u re  l b .  S tocks In c re a se d
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T o ta l  su p p ly , AC, i s  th e  sum o f  b o th  p ro d u c tio n  (AB) and s to c k s  on 
hand a t  th e  b eg in n in g  o f  th e  y e a r  (BC). T h is  i s  th e  av erag e  o r  
ex p ec ted  le v e l  o f su p p ly .
The r e le a s e  o f r i c e  from  s to c k s  a s s o c ia te d  w ith  a le v e l  o f  
demand th a t  i s  h ig h e r  th a n  th e  a v e rag e  o r  ex p ec ted  le v e l  i s  shown 
in  F ig u re  l a .  Given th e  h ig h  le v e l  o f  demand DH, th e  q u a n t i ty  o f  
r i c e  demanded a t  th e  r e l e a s e  p r i c e ,  PR, would be AH. To s a t i s f y  
t h i s  demand th e  q u a n t i ty  BH would have to  be moved from  re s e r v e s  to  
supplem ent th e  q u a n ti ty  p ro d u ced , AB. T his would le av e  s to c k s  a t  
th e  le v e l  HC a t  th e  end o f  th e  y e a r .
S im ila r ly ,  g iven  th e  l e v e l  o f  demand, DL, th a t  i s  low er than  
th e  ex p ec ted  l e v e l ,  th e  amount o f  r i c e  demanded a t  th e  su p p o rt p r ic e ,  
PS, would be AL (F ig u re  l b ) .  The rem a in d er o f  th e  r i c e  produced 
would be purchased  a t  th e  su p p o r t p r ic e  and added to  r e s e r v e s ,  
g iv in g  a y e a r end s to ck  l e v e l  LC.
The im pacts of a l t e r n a t i v e  r e l e a s e  p r ic e s  may be d isc o v e re d
by means o f F ig u re  l a .  R a is in g  th e  r e l e a s e  p r ic e  above PR, w h ile
th e  demand cu rve  rem ains a t  DH r e q u i r e s  t h a t  a  sm a lle r  q u a n t i ty  o f 
re s e rv e s  be re le a s e d  th a n  p r e v io u s ly .  S im i la r ly ,  a t  th e  low le v e l  
o f  demand DL, a low er su p p o rt p r ic e  l e v e l  would r e s u l t  in  a  s m a lle r  
a d d i t io n  to  r e s e rv e s .
The p o s i t io n  o f th e  p r ic e  l i m i t s  d e te rm in es  th e  s iz e  o f  the  
p r ic e  band o r zone betw een them . The r e l a t i o n s h ip  betw een th e  s iz e  
o f  th e  p r ic e  band and th e  s i z e  o f  th e  r e s e rv e  s to c k  re q u ire d  to  
keep p r ic e s  in s id e  the  band may now be d e r iv e d . The r e la t io n s h ip
s t a t e s  th a t  p r ic e s  may b e  m a in ta in e d  w ith in  a  b road  p r ic e  band by a
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sm all re s e rv e  s to c k . T his i s  doubly advan tageous in  t h a t  a b ro ad  
band a llo w s maximum freedom  to  the  m arket and a t  th e  same tim e keeps 
down th e  c o s t  o f p u rc h a s in g  and m a in ta in in g  a r e s e r v e .
C o n v erse ly , a  la rg e  re se rv e  s to ck  i s  r e q u i r e d  to  m a in ta in  
p r ic e s  w ith in  a sm a ll band and th i s  i s  doub ly  d is a d v a n ta g e o u s . 
F i r s t l y ,  p r ic e  c an n o t p ro p e r ly  c a r ry  o u t i t s  fu n c t io n s  o f  c o n t r o l l in g  
q u a n t i ty  consumed and q u a n t i ty  produced. S eco n d ly , a  m is a l lo c a t io n  
o f  re s o u rc e s  o ccu rs  a s  a  r e s u l t  o f  the  u se  o f  a  l a r g e r  re s e rv e  
s to c k  th an  n e c e s sa ry  to  combat the  i l l  e f f e c t s  o f  th e  more s e v e re  
m arket f l u c tu a t io n s .
P o te n t ia l  Problem s o f  R eserve Management
D if f e r e n t  p a i r s  o f p r ic e  l im i t s  a f f e c t  th e  d i s t r i b u t i o n  o f 
b e n e f i t s  and c o s ts  among th e  d i f f e r e n t  g roups t h a t  have  an i n t e r e s t  
in  r i c e  re s e rv e  management. R esearch can i d e n t i f y  th e  b e n e f i t s  and 
th e  c o s ts  a s s o c ia te d  w ith  a l t e r n a t iv e  p a i r s  o f  p r i c e  l i m i t s ,  and 
th e se  can be u sed  to  h e lp  s e l e c t  p r ic e  l im i t s  t h a t  e n su re  t h a t  no 
group b e a rs  an undue burden  o f th e  c o s ts  o r  r e c e iv e s  an  undue sh a re  
o f  th e  b e n e f i t s .  T h is ,  however, i s  an id e a l  to  s t r i v e  to w ard s .
In  p r a c t i c e ,  th e  p r ic e  l im i t s  u l t im a te ly  ch o sen  a re  more 
l i k e l y ,  to  a g r e a te r  o r  l e s s e r  d eg ree , to  r e f l e c t  power o f  d i f f e r e n t  
groups to  o b ta in  p r ic e  l im i t s  th a t  fav o r them a t  th e  expense o f  
o th e r s .  For exam ple, p roducers  cou ld  e x e r c is e  power to  o b ta in  
undu ly  h igh  p r i c e s ;  ta x p ay e rs  cou ld  e x e rc is e  power to  keep 
e x p e n d itu re s  so low th a t  p ro te c t io n  from s h o r ta g e s  would be in a d e -  . 
q u a te , and consum ers m ight a ttem p t to  keep p r ic e s  low and v e ry
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s t a b l e ,  even though t h i s  a tte m p t in v o lv ed  th e  u se  o f  a  la rg e  
r e s e r v e ,  g re a t  c o s ts  to  them as  ta x p a y e rs , and low incom es to  
p ro d u c e rs .
I f  p r ic e  l im i t s  a re  to  perform  t h e i r  f u n c t io n ,  th e y  need to  
b e  p u b lish e d  w e ll in  advance o f  th e  p e r io d  to  w hich th e y  a re  to  
a p p ly , and governm ent needs to  e n su re  t h a t ,  once s e t  a t  l e v e l s  
t h a t  a r e  e q u i ta b le ,  no group can  e x e r t  p re s s u re  to  have th e  p r ic e  
l im i t s  changed in  i t s  fa v o r .
Chapter 3
THE ECONOMETRIC MODEL FORMULATED
In  t h i s  c h a p te r  th e  p r in c ip le  f a c to r s  a f f e c t in g  an n u al
su p p ly  o f  U n ited  S ta te s  r i c e  and th e  demand f o r  i t  a r e  exam ined,
and th ey  a re  u sed  to  fo rm u la te  an eco nom etric  model o f  th e  m arke t.
The m o d e l's  e s t im a tio n  p roced u re  i s  a ls o  d is c u s s e d  and th e  b a s is
f o r  s e le c t io n  o f  th e  d a ta  i s  p re se n te d .
The r e le v a n t  tim e p e rio d  in  w hich th e  s a le  p r ic e  f o r  a
g iv en  r i c e  c ro p  i s  formed i s  i t s  m ark e tin g  y e a r  .  H a rv e s tin g  has
no rm ally  begun when th e  m arke ting  y e a r  b e g in s  and i s  u s u a l ly
com pleted  th ro u g h o u t th e  U nited  S ta te s  when fo u r  months o f  t h a t
y e a r  have e la p s e d . Supply , which com prises p ro d u c tio n  and
b eg in n in g  s to c k s ,  i s ,  t h e r e f o r e ,  f ix e d  f o r  th e  g r e a te r  p a r t  o f  th e
m ark e tin g  y e a r ,  so t h a t  c o n d itio n s  on th e  demand s id e  o f  th e  m arket
ten d  to  d e te rm in e  th e  le v e l  o f  p r ic e  w hich w i l l  be r e c e iv e d  f o r  th e
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c u r r e n t  y e a r 's  su p p ly .
Supply
A rea P la n te d
P ro d u c tio n  p lu s  b eg in n in g  s to c k s  o r  c a r ry o v e r  d e f in e  th e  
U. S. supp ly  o f  r i c e  fo r  th e  c u r r e n t  y e a r .  The m ajor d e te rm in a n ts
*The q u a n t i ty  o f  r i c e  im ported  a n n u a lly  i s  ex trem ely  sm a ll. 
In  t h i s  s tu d y , im ports  a re  assumed to  be e q u a l to  z e ro .
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o f  th e  le v e l  o f p ro d u c tio n  o f r i c e  a re  a re a  p la n te d  and y i e l d .  The 
le v e l  o f  a re a  p la n te d  has f o r  decades been  determ ined  by governm ent 
w ith  th e  acq u ie sce n c e  o f p ro d u c e rs . On th e  s u r fa c e  i t  may ap p ea r 
t h a t  a c rea g e  p la n te d  was exogenously  determ ined  in  th o s e  y e a r s .
B ut in  r e a l i t y  th e  program  a d m in is t r a to r s  cou ld  n o t have d ec id ed  
th e  le v e l  o f  a c rea g e  to  be p la n te d  w ith o u t due re g a rd  fo r  th e  
economic v a r ia b le s  p ro d u ce rs  would c o n s id e r  in  making th e  same 
d e c is io n .  That i s  becau se  th e  p rogram 's economic o b je c t iv e s ,  in c lu d e  
in  g r e a t  m easure th o se  o f  th e  p ro d u ce rs .
R ice i s  produced in  fo u r  s t a t e s  as a m ajor cash  c ro p . In  
such c irc u m sta n c e s , p ro d u ce rs  may be ex p ec ted  to  respond  to  th o se  
economic v a r ia b le s  w hich a f f e c t  t h e i r  income from r i c e .  A number o f  
v a r ia b le s  a re  now d is c u s s e d  w hich p ro ducers  may be ex p ec ted  to  
c o n s id e r  in  making th e  d e c is io n  as  to  what a re a  o f  r i c e  to  p l a n t .
The a c tu a l  d e c is io n  making p ro cess  i s  unknown, and i s  l i k e l y  to  be 
v a r ia b le  and more complex th a n  shown h e re .
The p r o f i t a b i l i t y  o f  growing r i c e  i s  a f f e c te d  in  a  m ajor 
way by th e  p r ic e  re c e iv e d  f o r  i t .  A lo w e r/h ig h e r a re a  p la n te d  may 
re a so n a b ly  be a s s o c ia te d  w ith  a lo w e r/h ig h e r e x p e c te d  p r i c e .  When 
p la n t in g  tim e i s  a t  hand, p ro d u ce rs  may look  a t  c e r t a i n  f a c to r s  
in d ic a t iv e  o f th e  p r ic e  a t  w hich th e  fu tu r e  c rop  may be s o ld .  The 
approx im ate  le v e l  o f  p r ic e  su p p o rt i s  known. N orm ally , a t  t h i s  
s ta g e ,  th e  r a t e  o f d is sa p p e a ra n c e  fo r  th e  p rev io u s  y e a r 's  c ro p  i s  
w e ll  known, and i t  i s  p o s s ib le  to  make a good ap p ro x im a tio n  o f  th e  
an n u al av erag e  p r ic e  f o r  th e  c ro p  because most o f  i t  h a s  been  so ld  
and th e  p r ic e s  re c e iv e d  th ro u g h o u t th e  y e a r  a re  w e l l  known. However,
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th e  p r ic e  a t  w hich th e  p rev io u s  y e a rs  c ro p  in  so ld  may be a  v e ry  
poor i n d i c a to r  o f  th e  p r ic e  a t  w hich th e  c ro p  abou t to  be p la n te d  
w i l l  be  s o ld .  R ecent e x p e r ie n c e  i s  t h a t  from  one seaso n  to  th e  
n e x t th e  ex p an s io n  o f e x p o r t  demand may cause  p r ic e s  to  d o u b le .
I t  i s  h y p o th e s ize d  th a t  a p o s i t iv e  r e l a t io n s h ip  e x i s t s  
betw een  a c re a g e  p la n te d  in  th e  c u r r e n t  y e a r  and t h a t  p la n te d  in  
th e  p re v io u s  y e a r . The tendency  f o r  a h ig h  p la n te d  ac reag e  in  th e  
c u r r e n t  y e a r  to  fo llo w  a h ig h  p la n te d  ac reag e  in  th e  p re v io u s  y e a r  
may be a t t r i b u t a b l e  to  such cau ses  a s  r i c e  p ro d u c tio n  b e in g  th e  
p ro d u c e rs ' m ost s p e c ia l iz e d  s k i l l ,  th e  la ck  o f  f l e x i b i l i t y  imposed 
by th e  d e s i r e d  c ro p  r o t a t i o n ,  o r  th e  d e s i r e  to  re c o v e r in v estm en ts  
in  s p e c ia l i z e d  equipm ent. The d e s i r e  to  m a in ta in  ac reag e  " h is to r y "  
f o r  r i c e  program  purposes a ls o  in f lu e n c e s  ac reag e  le v e l s .
In  d is c u s s in g  ac reag e  p la n te d  i t  i s  u s u a l to  c o n s id e r  th e  
p r ic e s  o f  c ro p s  t h a t  can  be grown on r i c e  land  in  c o m p e titio n  w ith  
r i c e .  In  each  m ajor r i c e  grow ing re g io n  o f  th e  U nited  S t a t e s ,  such 
com peting  c ro p s  e x i s t ,  b u t  th ey  have d i f f e r e d  ov er tim e and a ls o  
d i f f e r  from  re g io n  to  r e g io n . S in ce  no o v e r a l l  o r  predom inant 
com peting  c ro p  e x is te d  an index  o f  th e  p r ic e s  o f  com peting c ro p s  
c o u ld  have been  c re a te d  and u se d . T his was deemed to  be too  c o s t l y  
in  te rm s o f  tim e  and w as, th e re fo re  o m itte d .
F in a l ly ,  i t  i s  h y p o th e s ize d  t h a t  p roducer a n t i c ip a t io n  o f  a 
h ig h  l e v e l  o f  s to c k s  a t  th e  end o f  th e  m arke ting  y e a r th a t  ends in  
th e  c a le n d a r  y e a r  in  w hich th e  c ro p  i s  p la n te d  te n d s  to  r e s u l t  in  
low er a c re a g e  p la n te d . L a rg e r y e a r  end s to c k s  ten d  to  r e f l e c t  a 
su p p ly  t h a t  has been la rg e  r e l a t i v e  to  demand (e x p o rt demand acco u n ts
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f o r  most o f  dem ands' v a r i a t i o n ) .  T h e re fo re , p roducers  may 
a n t i c i p a t e  a c o n t in u a t io n  of m arket weakness and d ec id e  to  red u ce  
a c rea g e  p la n te d .
In  summary th e n , th e  "ac re a g e  p la n te d "  e q u a tio n  below  shows 
th e  im p o r ta n t v a r ia b le s  assumed to  a f f e c t  ac reag e  o f  r i c e  p la n te d  
in  th e  U n ited  S t a t e s .
APR = f  (FP(. _ 1 , APRfc-1 , E S ^ )
dAPR
dFPt _ i  i s  p o s i t iv e
dAPR
dAPRt _-^  i s  p o s i t iv e
dAPR
dESt - i  i s  n e g a tiv e
w here: APR i s  a c rea g e  o f  r i c e  p la n te d  in  th e  U nited  S ta te s  in
thousands o f  a c r e s .
FP i s  th e  av erag e  p r ic e  o f  rough r i c e  in  d o l l a r s  p e r 
h u n d red -w eig h t re c e iv e d  by fa rm ers  d u rin g  the  m ark e tin g  
y e a r .
ES i s  th e  number o f  m i l l io n s  o f  hundredw eights o f  rough 
r i c e  in  governm ent and p r iv a te  hands a t  th e  end o f  th e  
m ark e tin g  y e a r .  The b e g in n in g  s to ck  fo r  th e  c u r r e n t  y e a r  
i s ,  th e r e f o r e ,  ESt _ i .
t  i s  th e  c u r r e n t  y e a r .
Y ie ld
I t  i s  assumed t h a t  th e  fo llo w in g  in c lu d e  th e  im p o r ta n t 
v a r ia b le s  w hich a f f e c t  r i c e  y ie ld :  w e a th e r, p la n te d  a c re a g e ,
ex p ec ted  p r i c e ,  and t r e n d .  No g e n e ra l  index  o f w eath er in  th e  r i c e  
grow ing S ta te s  i s  a v a i l a b le .  The t r e n d  v a r ia b le  r e p re s e n ts  
te c h n o lo g ic a l  change o c c u rr in g  d u r in g  th e  l a s t  two d ecad es, su ch  a s
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im provem ents in  weed, d is e a s e ,  and p e s t  c o n t r o l ,  and improved 
v a r i e t i e s .
U sing d a ta  f o r  th e  above v a r i a b le s ,  ex cep t w eather f o r  th e  
p e r io d  1955 to  1974, th e  tim e tre n d  a lo n e  was found to  e x p la in  
a p p ro x im a te ly  n in e ty  p e rc e n t o f  th e  v a r i a t io n  in  y ie ld .  The o th e r  
v a r ia b le s  had no s ig n i f i c a n t  e f f e c t s .  However, the  e q u a tio n  was 
n o t s u f f i c i e n t l y  s u c c e s s fu l  in  e s t im a tin g  y ie ld s  in  th e  l a s t  f iv e  
y e a rs  w here a le v e l in g  o f f  in  th e  upward tre n d  in  y ie ld s  h as  
o c c u r re d . For t h i s  re a so n  an e q u a tio n  was f i t t e d  to  th e  d a ta  fo r  
th e  l a s t  fo u r te e n  y e a rs  in c lu d in g  1975, and th e  d i f f e r e n t  s lo p e s  
w ere f i t t e d  f o r  th e  p e r io d s  b e fo re  and a f t e r  1966. Time was th e  
o n ly  v a r i a b le  s i g n i f i c a n t l y  a f f e c t in g  y ie ld  and th a t  e x p la in e d  78 
p e rc e n t  o f  th e  v a r i a t i o n .  I t  i s  assumed th a t  most o f the  re m a in in g  
v a r i a t i o n  i s  a t t r i b u t a b l e  to  w ea th e r v a r i a t i o n .  T his e s t im a tin g  
e q u a tio n  b e t t e r  f i t s  th e  known p ic tu r e  o f  c u r r e n t  y ie ld  in  w hich 
te c h n o lo g ic a l  im provem ents have slowed down c o n s id e ra b ly  and 
f lu c tu a t io n s  in  w eath e r d u rin g  th e  grow ing and h a rv e s tin g  s e a so n , 
o c c u r r in g  a t  random, have c o n s id e ra b le  e f f e c t s .
The y ie ld  e q u a tio n  below  shows tre n d  as  the  on ly  f a c to r  
a f f e c t i n g  y i e ld ,  b u t  w ea th er f o r  th e  re a so n  g iv en  above has n o t b een  
in c lu d e d  a s  a  v a r ia b le .
YLDP = f(TA, TB) dYLDP
dtA i s  p o s i t iv e
dYLDP
dTB i s  p o s i t iv e
w here: YLDP i s  y ie ld  in  hundredw eigh ts  o f  rough r i c e  per a c re
p la n te d .
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TA and IB a re  s lo p e  dummy v a r ia b le s  to  re p re s e n t  th e  
t r e n d  o f y ie ld  r e s p e c t iv e ly  f o r  th e  p e rio d s  1962 to  1966 
and 1967 to  1975.
Demand
Demand fo r  U n ited  S ta te s  r i c e  c o n s is ts  o f 1) dom estic  
demand (h e re  d e f in e d  as demand f o r  rough r i c e  fo r  d o m estic , fo o d , 
in d u s t r y ,  and seed p u rp o ses) and 2) ex p o rt demand. These com ponents 
o f  demand a r e  examined s e p a r a te ly .
D om estic demand
The components o f  dom estic  demand, a s  i t  i s  d e f in e d  in  t h i s  
s tu d y , have been id e n t i f i e d  in  th e  p rev io u s  p a rag rap h . The 
in c lu s io n  o f  r i c e  f o r  food and in d u s try  (o r  brew ing) u se  i s  th e  
u s u a l ly  a cc e p ted  d e f i n i t i o n  o f  t h i s  v a r ia b le ,  b u t in  t h i s  s tu d y  
r i c e  to  be  used  f o r  seed  ( in  th e  fo llo w in g  y e a r)  i s  in c lu d e d  in  
o rd e r  to  s im p lify  th e  exonom etric  and s im u la tio n  m odels. Seed u se  
i s  a c t u a l l y  a fu n c tio n  o f  a c reag e  advanced one y e a r .
The th eo ry  o f  demand in d ic a te s  t h a t ,  g iven  consum ers t a s t e s  
and p re f e r e n c e s ,  th e  q u a n t i ty  o f  a  commodity tak en  u s u a l ly  f a l l s  as 
p r ic e  r i s e s ,  w h ile  such v a r ia b le s  as  p o p u la tio n , p r ic e  o f  r e l a t e d  
com m odities and income rem ain  c o n s ta n t .
I t  was assumed th a t  th e  fo llo w in g  v a r ia b le s  a f f e c t  th e  
q u a n t i ty  o f  r i c e  demanded a t  th e  farm  le v e l :  1 ) th e  p r ic e  p a id  to
p ro d u c e rs ,  2) p er c a p i t a  d is p o sa b le  income in  th e  U n ited  S t a t e s ,  3) 
th e  p r i c e  o f  com peting p ro d u c ts , and 4) U. S . p o p u la tio n . I t  was 
n e c e s s a ry  to  exclude  some o f  th e s e  v a r ia b le s  fo r  c e r t a i n  r e a s o n s .  
F i r s t l y ,  no s u b s t i t u te  commodity p r ic e  was found to  have a
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s i g n i f i c a n t  e f f e c t  on q u a n t i ty  o f  r i c e  demanded. S eco n d ly , a h ig h  
c o r r e l a t i o n  e x is te d  betw een U. S. p o p u la tio n  and th e  p e r c a p i t a  
d is p o sa b le  p e rso n a l income in d ex , so th a t  o n ly  th e  l a t t e r  v a r ia b le  
was in c lu d ed  to  acco u n t fo r  th e  e f f e c t  o f b o th  v a r i a b le s .
The fo llo w in g  e q u a tio n  shows th e  v a r ia b le s  assumed to  
in f lu e n c e  q u a n t i ty  o f  U. S . r i c e  demanded f o r  dom estip  pu rp o ses  as 
d e f in e d  h e re :
QDSMDD = f(F P , Y) 
dODSMDD
dFP i s  n e g a tiv e
dQDSMDD
dY i s  p o s i t iv e
w here: QDSMDD, in  m il l io n  hundredw eigh ts, i s  th e  q u a n t i ty  o f  rough
r i c e  u sed  f o r  d o m estic , in d u s try ,  and seed  p u rp o se s .
FP i s  th e  av erag e  p r ic e  o f  rough r i c e  in  d o l l a r s  p e r  
hunderdw eight re c e iv e d  by fa rm ers d u r in g  th e  m ark e tin g  y e a r .
Y i s  th e  index  o f  p e rc a p ita  d isp o sa b le  p e rso n a l income in  
th e  U nited  S ta te s .
Demand fo r  E xports
D uring th e  l a s t  two decades a la rg e  p ro p o r t io n  o f  th e  U n ited
S t a t e 's  e x p o r ts  o f r i c e  has been made under governm ent p rogram s.
In  some o f  th e se  y e a rs  a t  l e a s t ,  p a r t  o f th e  governm ent e x p o r ts  
may have been more d i r e c t l y  in f lu e n c e d  by v a r ia b le s  a s s o c ia te d  more 
w ith  th e  fo re ig n  p o l ic y  and n a t io n a l  s e c u r i ty  o f  th e  U n ited  S ta te s
th an  w ith  economic laws and r e l a t io n s h ip s .  These v a r ia b le s  can n o t
e a s i l y  be q u a n t i f ie d  and in c lu d ed  in  the  eco n o m etric  m odel, b u t 
t h e i r  in f lu e n c e  may be re s p o n s ib le  f o r  some o f th e  u n e x p la in ed  
v a r i a t i o n  in  th e  q u a n t i ty  ex p o rted  e q u a tio n .
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I t  was assumed th a t  th e  q u a n t i ty  o f  U. S . e x p o r ts  demanded 
would be a s s o c ia te d  w ith  farm  p r ic e  and w ith  v a r ia b le s  in  th e  
in te r n a t io n a l  sp h ere  s im i la r  to  th o se  t h a t  a f f e c t e d  th e  le v e l  o f 
demand in  th e  dom estic  sp h e re . These v a r ia b le s  in c lu d e  w orld  
income o r  income in  th e  m ajor r i c e  im p o rtin g  c o u n t r i e s ,  th e  p r ic e  
o f  r e l a t e d  fo o d s , p o p u la tio n , and th e  l e v e l  o f  p ro d u c tio n  o f  r i c e  
p e r c a p i t a  in  p roducing  c o u n tr ie s  o u ts id e  th e  U n ited  S t a t e s .  D ata 
f o r  some o f th e se  v a r ia b le s  w ere n o t a v a i l a b le ;  f o r  exam ple, no 
index  o f  w orld  income e x i s t s .  I t  was a ls o  e x p ec te d  t h a t  th e  
q u a n t i ty  o f  r i c e  e x p o rte d  would be in f lu e n c e d  by th e  s iz e  o f  U. S . 
s to c k s  a t  th e  b e g in n in g  o f  th e  m ark e tin g  y e a r ,  th e  le v e l  o f  U. S . 
p ro d u c tio n , and by U. S. e x p o r ts  lagged one y e a r .
One o th e r  v a r ia b le  was u se d . T h is was a dummy v a r i a b le ,  
eq u a l to  1 f o r  1956 and 1974. Exam ination o f  th e  d a ta  had shown 
t h a t  th e  in c re a s e  in  e x p o r ts  on a y e a r  to  y e a r  b a s i s  had been  
abnorm ally  l a r g e r  in  th o se  y e a r s .  In  th e  l a t e r  y e a r ,  th e  main 
cau se  was a g r e a t  s c a r c i ty  o f  r i c e  in  A sia  due to  poor h a r v e s ts ;  
in  th e  e a r l i e r  y e a r ,  th e  g re a t  in c re a s e  may have been  a t t r i b u t a b l e  
in  p a r t  to  U. S. e f f o r t s  to  red u ce  s to c k s  and in  p a r t  to  a n a tu r a l  
in c re a s e  in  demand.
I t  was d ec id ed  to  a c c e p t th e  e x p o r t  demand e q u a tio n  hav ing  
th e  b e s t  c o e f f i c i e n t  o f  d e te rm in a tio n  p ro v id ed  t h a t :  1 ) i t  showed
farm  p r ic e  s t a t i s t i c a l l y  s ig n i f i c a n t  and n e g a t iv e ,  2 ) th e  p r in c ip a l
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rem ain in g  v a r ia b le s  had th e  ex p ec ted  s ig n s  and a c c e p ta b le  " t "
2
v a lu e s ,  and 3) th e  r e s id u a ls  w ere n o t s e r i a l l y  c o r r e la te d .
The fo llo w in g  e q u a tio n  shows th e  v a r ia b le s  w hich w ere 
f i n a l l y  s e le c te d  as  e x p la n a to ry  v a r ia b le s  in  th e  U. S . e x p o r ts  
e q u a tio n .
XR = f(F P , T, DD)
i s  n e g a tiv e
i s  p o s i t iv e
i s  p o s i t iv e  when DD = 1
w here: FP i s  th e  av erage  p r ic e  o f  rough r i c e  in  d o l l a r s  p e r
hundredw ieght re c e iv e d  by  fa rm ers d u rin g  th e  m ark e tin g  y e a r .
T i s  a t re n d  v a r ia b le  e q u a l to  55 in  1955, in c re m en tin g  by  1 
each  y e a r  to  1974. H ere i t  i s  d i f f i c u l t  to  d e f in e ,  b u t  i t  
p ro b ab ly  p ic k s  up in f lu e n c e s  o f such v a r ia b le s  as w orld  
income le v e ls  and p o p u la tio n  w hich have tre n d e d  upwards 
d u rin g  th e  l a s t  two d e ca d e s .
DD i s  a  dummy v a r ia b le  e q u a l to  1 in  1956 and 1974, o th e rw ise  
eq u al to  z e ro . I t  r e p r e s e n ts  y e a rs  in  w hich th e  in c re a s e  in  
e x p o r ts  above th e  p re v io u s  y ear was 30 p e rc e n t o r  more (A ll 
o th e r  y e a r  to  y e a r  v a r i a t io n s  in  e x p o r ts  w ere much l e s s  th a n  
30 p e rc e n t .
P ro ced u res  Used in  Model C o n s tru c tio n
There i s  no s e t  o f  b in d in g  r u le s  f o r  econom etric  model 
fo rm u la t io n . The re s e a rc h e r  i s  o f te n  o b lig e d  to  choose a r b i t r a r i l y  
betw een d i f f e r e n t  v a r i a b le s .  F o r exam ple, th e  l im ite d  a v a i l a b i l i t y
dXR
dFP
dXR
dT
dXR
dDD
^Kmenta, J a n . E lem ents o f  E conom etrics. (New Y o rk -C o llie r -  
London: M acm illan Book C o ., I n c . ,  1971), pp. 205-242.
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o f  s u i t a b le  d a ta  may som etim es r e s t r i c t  a r e s e a r c h e r 's  c h o ic e  o f  
v a r i a b l e s .  S im i la r ly ,  q u e s tio n s  o f  c o s t  may e n te r  in to  th e  c h o ic e  
o f  e s t im a t io n  p ro c e d u re s .
Most o f th e  d a ta  f o r  t h i s  s tu d y  r e la t e d  to  th e  p e rio d  1955 
to  1974, th e  l a s t  y e a r  f o r  w hich com plete d a ta  a re  a v a i l a b l e .  The 
m ain re a so n  t h a t  t h i s  p e r io d  was s e le c te d  was t h a t  governm ent r i c e  
program  f e a tu r e s  in tro d u c e d  in  1954 rem ain v i r t u a l l y  unchanged fo r  
th e  n e x t tw en ty  y e a r s ,  and most o th e r  f e a tu r e s  o f  m arket s t r u c tu r e  
showed no s i g n i f i c a n t  change in  th e  same p e r io d . A nother e lem en t in  
th e  d e c is io n  was t h a t  m ost r e l i a b l e  w orld  r i c e  d a ta  (found in  U n ited  
N a tio n s  p u b l ic a t io n s )  i s  n o t a v a i l a b le  f o r  th e  p e rio d  b e fo re  1955.
The b e h a v io ra l  model t h a t  has been  p re se n te d  i s  now 
tra n sfo rm e d  in to  th e  fo llo w in g  s to c h a s t ic  model com prised  o f  l i n e a r  
e q u a tio n s  and i d e n t i t i e s .
Supply S tr u c tu r e :
APR* = bj^o ^ l l ^ t - 1  "** k l 2^ f y > l  +  b is E S t_ i  +  E]_ . . 1
YLDP* = b 2 0  +  b21T +  E2 ......................................................................2
QPROD* = (APR*) * (YLDP*) ..........................................................  3
QSPLY* = QPROD* + E S ^ ....................................................................4
Demand S t r u c tu r e :
QDSMDD* = b3Q + b3 1 FP* +  b 32Y +  E3 ...........................................5
XR* = b4 Q + b4 1 FP* +  b42T + b43DD + E4 ....................................6
QSPLY* - ES = QDSMDD* + X R * ............................................................7
*Endogenous v a r ia b le s
w here: QPROD i s  t o t a l  U. S . p ro d u c tio n  o f  r i c e  in  m i l l io n  hundred
w e ig h ts  o f  rough r i c e .
38
QSPLY i s  t o t a l  U. S . su p p ly  in  m il l io n  hundredw eights o f  
rough r i c e .
QDEMAMD i s  t o t a l  demand f o r  U. S . r i c e  in  m i l l io n  hundred­
w e ig h ts  o f  rough r i c e  and i s  th e  sum o f QDSMDD and XR.
E^, E2 , E3 , E^ a re  th e  d is tu rb a n c e  term s in  th e  e q u a t io n s .
The rem ain ing  v a r ia b le s  have been  d e fin e d  p re v io u s ly .
Chapter 4
THE STATISTICAL ANALYSIS
T h is c h a p te r  p re s e n ts  th e  r e s u l t s  o f  the  s t a t i s t i c a l  
a n a ly s i s ,  b a sed  m o stly  on d a ta  fo r  th e  p e r io d  1955 t o  1974. The 
s t a t i s t i c a l  e s t im a te s  o f  th e  r i c e  su p p ly  and demand model p rovide a 
p ic tu r e  o f  th e  p a s t  r e l a t io n s h ip s  betw een th e  economic v a r ia b le s  
in v o lv e d , and can be  used  as  a gu ide to  th e  l i k e ly  fu tu r e  beh av io r 
o f  th e  m a rk e t. S t a t i s t i c a l  and economic a sp e c ts  o f  th e  r e s u l t s  a r e  
d is c u s s e d  and e v a lu a te d .
E s tim a tio n  P ro cedure
The su p p ly  s t r u c tu r e ,  which c o n s i s t s  o f two l in e a r  fu n c tio n a l  
r e l a t i o n s h i p s  and two i d e n t i t i e s ,  has two endogenous v a r ia b le s .  
O rd in a ry  l e a s t  sq u ares  p ro ced u re  was u sed  to  e s t im a te  b o th  acreage  
p la n te d  and y ie ld  p e r  a c r e  p la n te d . T h is  p ro ced u re  was used because 
i t  g iv e s  th e  b e s t  l i n e a r  u n b ia sed  e s t im a te s  o f  c o e f f i c i e n t s  under 
th e  a ssu m p tio n s  b e lie v e d  a p p lic a b le  to  th e  supp ly  r e la t io n s h ip s .
These a ssu m p tio n s  a r e  a s  fo llo w s : 1) d is tu rb a n c e  term s have a mean
o f  z e ro , 2 ) a  c o n d it io n  o f  h o m o sk ed a s tic ity  e x i s t s ,  i . e .  v a rian ce  i s  
e q u a l o v e r a l l  o b s e rv a tio n s , 3) no a u to c o r r e la t io n  e x i s t s  in  the  
d is tu rb a n c e  te rm s , and 4 ) a l l  v a r ia b le s  a r e  p red e te rm in ed , w ith  th e  
e x c e p tio n  o f th e  dependen t v a r ia b le .
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The demand s t r u c t u r e  c o n s i s t s  o f  two l i n e a r  fu n c tio n a l  
r e la t io n s h ip s  and a  s in g le  c lo s in g  i d e n t i t y .  Three endogenous 
v a r ia b le s  a re  to  be found in  th e  two e q u a t io n s . A lthough the u se  
o f  methods o th e r  th an  o rd in a ry  l e a s t  sq u a re s  re g re s s io n  may be 
deemed d e s i r a b le  h e re ,  th e  e s t im a tin g  p ro ced u re  used  h e re  was 
o rd in a ry  l e a s t  sq u a re s  r e g r e s s io n .
R e su lts
The r e s u l t s  o f  th e  o rd in a ry  l e a s t  sq u a res  e s t im a tio n  o f  
demand and su p p ly  s t r u c t u r e  a re  g iv en  in  T ab le  1. Four c r i t e r i a
a re  used  h ere  to  e v a lu a te  th e  e q u a t io n s . These a re :  1) th e  c o e f-
o
f i c i e n t  o f d e te rm in a tio n  -  R , 2) th e  le v e l  o f  s t a t i s t i c a l  
s ig n if ic a n c e  o f  th e  c o e f f i c i e n t s ,  3) w h e th er th e  m agnitudes and 
s ig n s  o f th e  c o e f f i c i e n t s  conform  to  th o se  w hich may be ex p ec ted  on 
an a  p r i o r i  b a s i s ,  o r  on th e  b a s i s  o f  e x p e r ie n c e  o f  th e  m arkets 
b e h a v io r , and 4 ) th e  a c c e p t a b i l i t y  o f  th e  D urbin-W atson s t a t i s t i c .
The c o e f f i c i e n t  o f  d e te rm in a tio n  (R^) i s  a m easure o f  th e  
f i t  o f  th e  d ependen t v a r ia b le  to  th e  o th e r  v a r ia b le s  in  th e  e q u a tio n . 
For exam ple, w ith  a p e r f e c t  f i t ,  100 p e rc e n t  o f  th e  v a r i a t io n  in  th e
endogenous v a r ia b le  would be e x p la in e d  by th e  e x p la n a to ry  v a r i a b le s .
2 2 A h igh  R i s  d e s i r a b l e ,  b u t  an e q u a tio n  w ith  a  low R s ig n i f i c a n t l y
d i f f e r e n t  from z e ro  i s  n o t l i k e l y  to  be r e j e c te d  i f  i t  perfo rm s w e ll
in  r e l a t i o n  to  th e  o th e r  c r i t e r i a .
The s ta n d a rd  e r r o r s  o f  th e  c o e f f i c i e n t s  shown in  Table 1
a llow  th e  s t a t i s t i c a l  s ig n i f ic a n c e  o f  c o e f f i c i e n t s  to  be e v a lu a te d .
The t -v a lu e  f o r  each  c o e f f i c i e n t  may be c a lc u la te d  by d iv id in g  th e
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c o e f f i c i e n t  by i t s  s ta n d a rd  e r r o r .  S t a t i s t i c a l  s ig n if ic a n c e  
a cc o rd in g  to  an a r b i t r a r i l y  chosen  le v e l  may be used  to  in d ic a te  
w hich o f  th e  l e s s  im p o rta n t v a r ia b le s  oiight to  be r e ta in e d .  However, 
la c k  o f  s ig n i f ic a n c e  acco rd in g  to  t h a t  le v e l  need no t be cau se  f o r  
r e j e c t i o n  o f  a v a r ia b le  th a t  i s  e s s e n t i a l  to  th e  s im u la tio n .
The D urbin-W atson s t a t i s t i c  i s  u sed  to  t e s t  f o r  s e r i a l  
c o r r e l a t i o n  in  th e  r e s id u a l s ,  th e  p re sen ce  o f w hich would r e s u l t  in  
b ia s e d  e s t im a te s .* -
Summary o f  R e su lts
A ll v a r ia b le s  in  th e  model w ere s t a t i s t i c a l l y  s i g n i f i c a n t  a t  
th e  one p e rc e n t l e v e l  o f  s ig n i f ic a n c e  ex ce p t farm  p r ic e  in  e q u a tio n  
3 which was s i g n i f i c a n t  a t  th e  7 .8  p e rc e n t le v e l  and th e  tre n d  
v a r ia b le  in  th e  y ie ld  e q u a tio n , s i g n i f i c a n t  a t  th e  7 p e rc e n t l e v e l .
C o e f f ic ie n t s  o f  d e te rm in a tio n  ranged  from  0 .7 8  f o r  th e  y ie ld  
e q u a tio n  to  0 .92  f o r  th e  "dom estic  demand" e q u a tio n . The D urb in- 
W atson s t a t i s t i c s  f o r  a l l  e q u a tio n s  w ere w ith in  th e  a c c e p ta b le  l i m i t s .  
T h is  s t a t i s t i c  h as  l i t t l e  meaning in  th e  ac reag e  p la n te d  e q u a tio n  
b ecau se  o f  th e  lagged  v a r ia b le s  in  i t .
A creage P la n te d
The ac reag e  p la n te d  e q u a tio n  i s  v e ry  a c c e p ta b le  on th e  b a s i s  
o f  m ost o f  th e  c r i t e r i a  (T able 1, e q u a tio n  1 ) .  V a r ia t io n  in  th e  
e x p la n a to ry  v a r ia b le s  accoun ted  f o r  e ig h ty  th r e e  p e rc e n t o f  th e  
v a r i a t i o n  in  a c re a g e  p la n te d , (R = .8 3 ) .  Each v a r ia b le  was
*"Kmenta, o p . c i t . ,  pp. 205-242.
Table 1. Estimates of Structural Equations in the M 0 del.fi/J2/
E q u a tio n
Number
Endogenous
V a ria b le V a r ia b le s ,  c o e f f ic e n ts  and (s ta n d a rd  e r r o r s  o f  c o e f f ic e n ts ) R2
D urb in -
W atson
S t a t i s t i c s
1 APR 465.3226 +  51.2612 FP . +  0 . 7 1 8 2 4 ? ^  -15 .7958  E S ^  
(244.5374) (17 .0324) (0 .1382) (4 .5354) .83 2 .3 4
2 YLDP 42.3246 +  0 .0346 TB 
(13 .3588) (0 .1 7 5 9 ) .7 8 1 .7 8
3 QDSMDD 19.3294 -  0.3419FP +  0.1437Y 
(0 .8944) (0 .1823) (.0 1 3 3 ) .92 1 .41
4 XR -120 .2091  -  1.9938FP +  2.6712T +  16.0883 DD 
(12 .8232) (0 .5 9 2 8 ) (0 .2256) (3 .6897) .92 1 .41
a /E q u a tio n s  1 , 3 ,and 4 a re  based  on d a ta  from  1955 to  1975, and e q u a tio n  2 i s  based  on d a ta  from 
1962 to  1975. 
b /T he  v a r ia b le s  used  and t h e i r  sym bols were*
APR: A creage o f r i c e  p la n te d  in  th e  U nited  S t a t e s .
FP: A verage p r i c e  p e r  hundredw eigh t o f rough r i c e  re c e iv e d  by fa rm ers  d u rin g  th e  m arke ting
y e a r  ( d o l l a r s ) .
ES: S to ck s  o f rough  r i c e  in  governm ent and p r iv a te  hands a t  th e  end o f  th e  m ark e tin g  y e a r
(rough  r i c e  e q u iv a le n t ,  m i l l i o n  c w t.)
YLDP: Y ie ld  in  hundredw eigh ts  o f  rough  r i c e  p e r  a c re  p la n te d .
TB: A dummy v a r i a b le  f o r  t r e n d  f o r  1967 to  1975. A s im i la r  v a r ia b le  TA was used f o r
1962 to  1966.
QDSMDD: The q u a n t i ty  o f  rough r i c e  used  f o r  d o m e s tic , in d u s t r y ,  and seed  pu rp o ses  (m il l io n  c w t.)
Y: The in d ex  o f  p e r  c a p i t a  d is p o s a b le  p e rs o n a l  income in  th e  U n ited  S t a t e s .
XR: The q u a n t i ty  o f  r i c e  e x p o rte d  ( th e  t o t a l  governm ent and com m ercial) by  th e  U nited
S ta te s  (m i l l io n  cw t. o f  rough  r i c e  e q u iv a le n t ) .
DD: A dummy v a r ia b le  e q u a l to  0 ex ce p t in  1956 and 1974, when i t  was e q u a l to  1 .
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s t a t i s t i c a l l y  s i g n i f i c a n t  a t  th e  one p e rc e n t l e v e l .  S igns w ere in  
accordance  w ith  e x p e c ta t io n s  p re se n te d  in  C hap ter 3 . M agnitudes 
were q u i te  a c c e p ta b le .  For exam ple, a c rea g e  p la n te d  was, on a v e ra g e , 
reduced  by 15,796 a c re s  f o r  each  in c rem en t o f  one m il l io n  hundred­
w eig h t o f  r i c e  in  end ing  s to c k s  f o r  th e  p re v io u s  m arke ting  y e a r .  
P la n tin g  tim e p reced es  th e  end o f  th e  m ark e tin g  y e a r  ( Ju ly  3 1 ), 
b u t i t  was assumed t h a t  p ro d u ce rs  co u ld  form  an a c c u ra te  e x p e c ta t io n  
o f end o f  y e a r  s to c k s .
The e q u a tio n  a l s o  in d ic a te d  th a t  i f  a lagged p r ic e  and 
s to c k s  w ere h e ld  a t  av erag e  l e v e l s ,  a c rea g e  p la n te d , on th e  a v e ra g e , 
cou ld  be e x p ec ted  to  e q u a l 72 p e rc e n t o f  th e  p re v io u s  y e a rs  le v e l  
p lu s  a  c o n s ta n t  o f  465 ,000 a c r e s .  The p o s i t iv e  r e la t io n s h ip  betw een 
ac reag e  p la n te d  in  th e  c u r r e n t  y e a r  and th a t  p la n te d  in  th e  p re v io u s  
y e a r  in d ic a te d  t h a t  a grow er would p la n t  a  la rg e  ac reag e  in  th e  
c u r r e n t  y e a r  i f  he had p la n te d  a  la rg e  a c rea g e  in  th e  p rev io u s  y e a r .  
T h is ten d en cy  to  m a in ta in  th e  le v e l  o f  a c rea g e  p la n te d  may r e f l e c t  
s h o r t  te rm  f i x i t y  o f  th e  re s o u rc e s  in v o lv ed  in  r i c e  p ro d u c tio n , o r 
th e  f a c t  t h a t  p ro d u c e rs ' c u r r e n t  d e c is io n s  w ere in f lu e n c e d  by t h e i r  
p rev io u s  d e c i s io n s .
A c r i t i c i s m  o f  th e  p r e d ic t iv e  v a lu e  o f  t h i s  e q u a tio n  i s  t h a t  
th e  p a s t  may n o t be  a  good p r e d ic t e r  o f  th e  f u tu r e .  In  th e  l a s t  two 
y e a rs  (1974 and 1975) o f  th e  d a ta  an "open p la n tin g "  p o lic y  has been  
in  fo r c e .  In  c o n t r a s t  to  th e  f i r s t  e ig h te e n  y e a rs  (1955-1972) in  
which sup p ly  r e s t r i c t i o n  was th e  o b je c t iv e ,  r e c e n t  v e ry  h ig h  p r ic e s  
and a w orld  s c a r c i t y  o f  r i c e  r e q u ire d  th e  resp o n se  o f  an ex p an sio n  
in  ac reag e  p la n te d .  The d a ta  f o r  th e  m ost p a r t ,  r e p re s e n t  th e  su p p ly
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re sp o n se  o f  e s ta b l i s h e d  grow ers o p e ra tin g  u n d e r th e  s e c u r i ty  o f  th e  
r i c e  program  w h ile  th e  l a s t  two y e a rs  a ls o  in c lu d e  new grow ers 
re sp o n d in g  to  r e c e n t  p r ic e s  a t  more th an  d o ub le  p a s t  l e v e l s ,  b u t 
w ith o u t  th e  p r o te c t io n  a f fo rd e d  o ld  grow ers by th e  r i c e  program . 
F u tu re  in c lu s io n  o f  a l a r g e r  number o f  new g row ers o p e ra t in g  o u ts id e  
th e  program  co u ld  a l t e r  th e  ac reag e  e q u a tio n , e s p e c ia l l y  th e  p r ic e  
c o e f f i c i e n t  w hich now in d ic a te s  an average  in c re a s e  o f  51,261  a c re s  
p e r  one d o l l a r  in c re a s e  in  th e  p rev io u s  y e a rs  p r i c e .
Y ie ld
I t  was e x p la in e d  in  C hap ter 3 th a t  some d i f f i c u l t y  was 
e n co u n te red  in  s e l e c t i n g  a  p e rio d  t h a t  would f o r e c a s t  y ie ld s  w hich 
w ere co m p atib le  w ith  th o s e  ex p erien ced  in  r e c e n t  y e a r s ,  say  1970 to  
1975. A p lo t  o f  y i e ld  a g a in s t  tim e u s in g  th e  d a ta  in  T ab le  1 o f  
Appendix A showed two d is c e rn a b ly  d i f f e r e n t  t r e n d s  f o r  th e  p e r io d s  
1962-1966 and 1967 to  1975. Dummy v a r ia b le s  w ere u sed  and d i f f e r e n t  
s lo p e s  w ere f i t t e d  f o r  each  p e r io d . The fo llo w in g  e q u a tio n  was 
o b ta in e d  to  f o r e c a s t  y i e ld  (cw t. p e r  a c re  p la n te d ) .
YLDP = 42.3246 +  0.0346 TB + 1.4962 TA 
The l a s t  term  (TB) i s  dropped in  f o r e c a s t in g  y ie ld s  b ecau se  i t  
co n ce rn s  on ly  th o se  y ie ld s  o b ta in e d  b e fo re  1967. The f i n a l  e q u a tio n  
u s e d ,  th e n , i s  e q u a tio n  2 o f  T able 1. The te rm  TB r e p r e s e n ts  th e  
t r e n d  f o r  1967-1975.
T his e q u a tio n  e x p la in s  78 p e rc e n t o f  th e  v a r i a t i o n  in  y ie ld  
(R^ = 0 .7 8 ) .  The t r e n d  v a r ia b le  i s  s i g n i f i c a n t  o n ly  a t  th e  86  
p e rc e n t  l e v e l .
The s ta n d a rd  e r r o r  o f  y ie ld  o b ta in e d  in  t h i s  r e g r e s s io n  
e q u a tio n  i s  1 .33  cw t. p e r  a c r e . This f ig u r e  w i l l  form  th e  b a s is  
o f  th e  n o rm ally  d i s t r i b u t e d  y ie ld  d e v ia t io n s  to  be  g e n e ra te d  and 
u sed  in  th e  s im u la t io n .
D om estic Demand
Annual av e rag e  farm  p r ic e  and p er c a p i t a  d is p o s a b le  income 
l e v e l s  e x p la in e d  92 p e rc e n t o f  th e  v a r i a t i o n  in  th e  q u a n t i ty  o f  
r i c e  demanded in  th e  U n ited  S ta te s  f o r  fo o d , in d u s t r y  and seed 
p u rposes (T able  1, e q u a tio n  3). Farm p r ic e  was s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  th e  8  p e rc e n t le v e l  and income was v e ry  h ig h ly  
s i g n i f i c a n t .  The D urbin-W atson s t a t i s t i c  (1 .4 1 ) in d ic a te d  th a t  a t  
th e  one p e rc e n t l e v e l  th e  r e s id u a ls  w ere n o t s e r i a l l y  c o r r e l a t e d .
The p r ic e  c o e f f i c i e n t  in d ic a te d  t h a t ,  on a v e ra g e , a  one 
d o l l a r  in c re a s e  in  r i c e  p r ic e  a t  th e  farm  le v e l  w ould red u ce  
q u a n t i ty  ta k en  ( f o r  th e  purposes l i s t e d  above) by .3 4  m i l l io n  
h u n d red w eig h ts . The p r ic e  e l a s t i c i t y  o f  demand f o r  dom estic  
u t i l i z a t i o n  in c lu d in g  seed  was e s tim a te d  to  be 0 .1 6 . The p r ic e  
c o e f f i c i e n t  and th e  e l a s t i c i t y  found h e re  was much l e s s  th a n  th o se  
quo ted  by o th e r  r e s e a r c h e r s .  The com parisons may n o t  be v e ry  
m ean in g fu l, how ever, b e ca u se , 1 ) no o th e r  r e s e a r c h e r s  d e f in e d  
dom estic  demand in  th e  manner used  h e re ,  and 2 ) o th e r  p r i c e  and 
e l a s t i c i t y  e s t im a te s  a r e  based on d a ta  t h a t  do n o t co v e r th e  p e rio d  
o f  u n p re c e d e n te d ly  h ig h  p r ic e s  (1972-74) found in  th e  d a ta  u sed  in  
t h i s  s tu d y .
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Demand f o r  E xports
Average an n u al p r ic e  per hundredw eight re c e iv e d  by  U. S. 
p ro d u ce rs  fo r  rough r i c e ,  a  tre n d  v a r ia b le  and a dummy v a r i a b le  
( f o r  two y e a rs  o f  v e ry  g re a t  y e a r  to  y ear in c re a s e  in  e x p o r ts )  
e x p la in ed  92 p e rc e n t o f  v a r i a t io n  in  e x p o rt le v e l s  o f  U. S . r i c e  
(T ab le  1, e q u a tio n  4 ) .  Each v a r ia b le  Was very  h ig h ly  s i g n i f i c a n t  
and th e  s ig n s  w ere in  acco rdance  w ith  e x p e c ta t io n s .  The D urb in - 
W atson s t a t i s t i c  (1 .4 1 )  was w ith in  a c c e p ta b le  l i m i t s .
The dummy v a r ia b le  (DD = 1 f o r  1956 and 1974, o th e rw is e  0) 
a s  in d ic a te d  in  C hap ter 3 re p o r te d  y e a rs  in  w hich a  g iv e n  y e a r 's  
e x p o r ts  exceeded th o se  o f  th e  p rev io u s  y e a r by 30 p e rc e n t  o r  more. 
T h is v a r ia b le  removed th e  'ab n o rm al' in c re a s e  in  e x p o r ts  (o th e r  
th an  tre n d  o r  p r ic e  e f f e c t s )  th a t  average  16.1  m i l l io n  hundredw eigh ts  
f o r  1956 and 1974.
The tre n d  v a r ia b le  in d ic a te d  an average  a n n u a l in c re a s e  in  
e x p o r ts  o f  2 .67  m il l io n  h u n d redw iegh ts . This t r e n d  v a r i a b le  
p ro b ab ly  r e p re s e n ts  th e  b e h av io r o f  v a r ia b le s  t h a t  have tre n d e d  
upwards o v er tim e , such  as  th e  p re v io u s ly  m entioned w o rld  incom e, 
and p o p u la tio n .
Farm p r ic e  e x e r te d  a s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on 
e x p o r ts .  The s ig n  was in  accordance  w ith  t h a t  deemed c o r r e c t  on 
th e  b a s is  o f  economic th e o ry . The s t a b i l i t y  o f  th e  r e s u l t  h e re  was 
g r e a t ly  a f f e c te d  by th e  p resen ce  o r absence o f th e  t r e n d  v a r ia b le  
and th e  dummy v a r i a b l e ,  DD.
W ith th e  t r e n d  p re s e n t  and th e  dummy v a r i a b le  a b s e n t ,  th e  
e f f e c t  o f farm  p r ic e  on e x p o rts  was n e g a tiv e  and s i g n i f i c a n t  a t  th e
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17 p e rc e n t l e v e l ,  and th e  c o e f f i c i e n t  was 1 .14 7 7 . Farm p r ic e  was 
t r i e d  in  a number o f  e x p o rt e q u a tio n s  hav in g  o th e r  v a r ia b le s  which 
c o u ld  re a so n a b ly  be ex p ec ted  to  a f f e c t  e x p o r ts ,  and th e  e q u a tio n  
shown h e re  was th e  o n ly  one in  which farm  p r ic e  has a s a t i s f a c t o r y  
l e v e l  o f  s t a t i s t i c a l  s ig n i f ic a n c e ,  and th e  c o r r e c t  s ig n  in  con junc­
t io n  w ith  a h ig h  c o e f f i c i e n t  o f  d e te rm in a tio n . In  o th e r  e q u a tio n s , 
from  w hich tre n d  v a r ia b le  was a b s e n t ,  farm  p r ic e  b e h a v io r  ranged 
from  h ig h  le v e l s  o f  n o n -s ig n if ic a n c e  to g e th e r  w ith  a  n e g a tiv e  s ig n  
to  s i g n i f i c a n t  and p o s i t iv e .
The em phasis h e re  on th e  u se  o f  U. S . farm  p r ic e  f o r  r i c e  
as  a v a r ia b le  to  e x p la in  th e  le v e l  o f  U, S . e x p o r ts  o f r i c e  was n o t 
due to  th e  u n a v a i l i b i l i t y  o f  o th e r  v a r i a b le s  t h a t  co u ld  be j u s t i f i e d  
on th e  b a s i s  o f  s t a t i s t i c a l  r e l a t io n s h ip  o r  economic th e o ry , b u t 
was due to  th e  need f o r  t h i s  p a r t i c u l a r  p r ic e  q u a n t i ty  r e l a t io n s h ip  
in  th e  s im u la tio n  m odel. T his i s  d is c u s s e d  in  Appendix B.
Chapter 5
THE SIMULATION ANALYSES
The e q u a tio n s  th a t  w ere p re v io u s ly  e s tim a te d  a r e  u sed  in  
th e  model w hich s im u la te s  supply-dem and b e h a v io r  in  th e  U nited  
S ta te s  r i c e  in d u s try .^  The m odel c an  be used to  e v a lu a te  numerous 
a l t e r n a t i v e  r i c e  programs a s  w e l l  a s  a f r e e  m arket s i t u a t i o n  in  
which governm ent re s e rv e  s to c k  management i s  a b s e n t .
A f te r  a b r i e f  d is c u s s io n  o f  th e  n a tu re  o f  th e  s im u la tio n  
model and th e  a l t e r n a t iv e  r i c e  program s to  be c o n s id e re d , th e  r e s u l t s  
o b ta in e d  by s im u la tin g  f r e e  m arke t and two a l t e r n a t i v e  r i c e  re s e rv e  
s to c k  management programs a re  p re s e n te d  and d is c u s s e d .
Framework o f  th e  S im u la tio n  Model
The s im u la tio n  model in c o rp o ra te s  a m o d ified  v e r s io n  o f th e  
s im p lif ie d  a b s t r a c t io n  o f  th e  U n ited  S ta te s  r i c e  m arket t h a t  i s  
re p re s e n te d  in  th e  e q u a tio n s  in  C h ap ter 4 . One o f  th e  m o d if ic a t io n s , 
th e  in c lu s io n  o f  random d is tu rb a n c e  term s in  b o th  th e  y ie ld  and 
e x p o rt demand e q u a tio n s , a llo w s  th e  g e n e ra t io n  o f  an i n f i n i t e  number 
o f  sup p ly  and demand c u rv e s , so t h a t  fo r  a g iv en  m ark e tin g  y e a r  a 
d i s t r i b u t i o n  o f v a lu e s  f o r  each  v a r i a b le  i s  o b ta in e d . I t  i s  th en
^The manner in  w hich th e  e s tim a te d  e q u a tio n s  w ere in c o rp o ra te d  
in to  th e  s im u la tio n  model i s  d e a l t  w ith  in  Appendix B.
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p o s s ib le  to  g e n e ra te  such  s t a t i s t i c s  a s  th e  ex p ec ted  v a lu e ,  
s ta n d a rd  d e v ia t io n  and c o e f f i c i e n t  o f v a r i a t i o n  o f each v a r ia b le  
r e q u ir e d .
The model i s  d esig n ed  to  u s e  s to c k s  o f  r i c e  to  red u ce  
v a r i a t i o n  in  p r ic e s .  I t  u sed  th e  le v e l  o f  m arket p r ic e  to  a c t i v a te  
ad ju s tm en ts  o f  s to c k  (a s  f a r  a s  p o s s ib le )  u n t i l  th e  d e s ir e d  le v e l  
o f  p r ic e  has been a ch iev ed .
Both th e  u se  o f  t a r g e t  p r ic e s  and th e  absence  o f  governm ent 
c o n t r o ls  over supp ly  and s to c k s  ( f r e e  m ark e t) can  a ls o  be s im u la ted  
w ith  t h i s  m odel.
Supp ly_
The supp ly  e q u a tio n s  u sed  w ere 1 and 2 o f  T ab le  1. E q u a tio n  
1 , th e  p la n te d  a re a  e q u a tio n , was in c o rp o ra te d  in to  th e  s im u la tio n  
model w ith o u t any change. E q u a tio n  2 , th e  y ie ld  e q u a tio n  o f  T able 1 
was a ls o  used  b u t a random d is tu rb a n c e  term  was added . The com puter 
in  each i t e r a t i o n  g e n e ra te d  a  random number from  a s ta n d a rd  norm al 
d i s t r i b u t i o n  and m u l t ip l ie d  i t  by th e  s ta n d a rd  e r r o r  o f  th e  
d is tu rb a n c e  term  (1 .33  c w t.)  in  th e  y ie ld  e q u a tio n  to  p ro v id e  th e  
random d i s t r i b u t i o n  component p e c u l i a r  to  th e  i t e r a t i o n .  P ro d u c tio n  
f o r  a  g iv en  i t e r a t i o n  was c a lc u la te d  by m u lt ip ly in g  a c rea g e  p la n te d  
by th e  le v e l  o f y ie ld  g e n e ra te d  f o r  t h a t  p a r t i c u l a r  i t e r a t i o n ,  so 
t h a t  fo r  a  g iven  y e a r  each  i t e r a t i o n  produced i t s  own p a r t i c u l a r  
l e v e l  o f p ro d u c tio n , p e c u l ia r  to  th e  d is tu rb a n c e  te rm  g e n e ra te d  f o r  
y i e ld .
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The b eh av io r o f  v a r i a b le s  in  th e  system  o v er tim e i s  
in f lu e n c e d  by two e lem en ts  in  th e  su p p ly  e q u a tio n s . F i r s t l y ,  th e  
a c reag e  p la n te d  e q u a tio n  l in k s  a re a  p la n te d  to  th e  m arket p r ic e  o f  
th e  p rev io u s  y e a r ( i n  th e  manner o f  th e  cobweb m odel), and a ls o  to  
th e  p rev io u s  y e a r 's  a re a  p la n te d  and le v e l  o f  c a r r y o u t .  S econd ly , 
th e  tre n d  v a r ia b le  in  th e  y ie ld  e q u a tio n  i s  re s p o n s ib le  f o r  s h i f t i n g  
th e  supp ly  cu rve  s l i g h t l y  to  th e  r i g h t  each  y e a r .
Demand
E q u a tio n  3 , th e  dom estic  demand e q u a tio n  o f  T ab le  1 was used  
in  th e  s im u la tio n  model in  t h i s  form . E q u a tio n  4 , th e  e x p o rt 
e q u a tio n  o f T ab le  1 , was u sed  w ith  th re e  m o d if ic a t io n s .  The dummy 
v a r i a b le ,  r e p re s e n t in g  u n u s u a lly  h igh  y e a r to  y e a r  in c re a s e s  in  
demand in  1956 and 1974 was s e t  e q u a l to  0 and a random d is tu rb a n c e  
te rm  was added. T his l a s t  te rm  was c a lc u la te d  in  th e  same manner as 
t h a t  in  th e  y ie ld  e q u a tio n , th e  s ta n d a rd  e r r o r  o f  th e  e s tim a te d  
e x p o rts  b e in g  4 .1  m il l io n  h u n d red w eig h ts . The e x p o r t  demand 
e q u a tio n  was made i n f i n i t e l y  e l a s t i c  a t  a  p r ic e  o f  one d o l l a r  p e r 
cw t. in  o rd e r  to  d e a l w ith  th e  m inu te  chance o f  e x trem e ly  low p r i c e s .  
T h is does n o t m a te r ia l ly  a f f e c t  th e  s im u la tio n  r e s u l t s .
An e q u a tio n  u sed  to  c a l c u l a t e  t o t a l  q u a n t i ty  demanded was 
developed  by summing th e  d o m estic  demand and e x p o r t  demand e q u a tio n ,
and i t  in c lu d e s  th e  th r e e  m o d if ic a t io n s  ----  th e  random d is tu rb a n c e
term  ( in  th e  com puter p rog ram ), th e  dummy v a r i a b le  eq u a l to  z e ro , 
and th e  l im i t a t i o n  t h a t  p r ic e  may n o t f a l l  below  one d o l l a r .  Farm 
p r ic e  i s  c a lc u la te d  by means o f an  e q u a tio n  w hich i s  th e
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tra n s fo rm a tio n  o f  th e  t o t a l  demand e q u a tio n . T h is p r ic e  e q u a tio n  
a ls o  c o n ta in s  th e  random d is tu rb a n c e  term  from  th e  e x p o r t e q u a tio n , 
th e r e f o r e ,  a number o f  i t e r a t i o n s  p roduce a d i s t r i b u t i o n  o f  p r i c e s .
The demand cu rv e  i s  s h i f t e d  to  th e  r i g h t  o v e r tim e d i r e c t l y  
by th e  tre n d  term  in  th e  e x p o r t  e q u a tio n , and i n d i r e c t l y  by th e  
index  o f  p e rso n a l d is p o sa b le  income in  th e  dom estic  demand e q u a tio n .
How th e  S im u la tio n  Program  O p e ra tes
An in fo rm a tio n  feed b ack  loop  in v o lv in g  a re a  p la n te d ,  p r ic e ,  
and c a r ry o u t forms th e  b a s i s  o f  th e  d e s ig n  o f  th e  s im u la t io n  model 
(Appendix B, F ig u re  1 ) .  The f i r s t  s te p  in  a  g iv e n  i t e r a t i o n  o f  th e  
program  i s  th e  re a d in g  in  o f  lag g ed  v a lu e s  o f  a re a  p la n te d , farm  
p r i c e ,  and c a r r y - in  fo r  u se  in  th e  a re a  p la n te d  e q u a tio n . Then 
random numbers a re  g e n e ra te d  f o r  th e  purpose  o f c a lc u la t in g  th e  
v a lu e s  o f th e  random d is tu rb a n c e  e lem en ts  f o r  th e  y ie ld  and e x p o rt 
e q u a tio n s . T his le a d s  to  th e  c a lc u la t io n  o f  th e  a re a  p la n te d ,  
y i e ld ,  and q u a n t i ty  o f  r i c e  p ro d u ced . M arket p r ic e  i s  th e n  computed 
on th e  b a s is  o f th e  q u a n t i ty  p roduced . T h is p r ic e  i s  a c c e p te d  i f  
i t  f a l l s  betw een th e  p re s c r ib e d  u p p e r  and low er p r ic e  l i m i t s ,  and no 
ad ju s tm en t i s  made to  s to c k s .
The e x a c t p r e s c r ip t io n  o f  th e  p r ic e  l im i t s  can  be u sed  to  
s im u la te  v a r io u s  governm ent r e s e rv e  management p rogram s. R e la t iv e ly  
w ide p r ic e  l im i t s  s im u la te  th e  f r e e  m ark e t. I f  p r ic e  i n i t i a l l y  has 
f a l l e n  below th e  low er l i m i t  a s s o c ia te d  w ith  th e  governm ent program , 
s to c k s  a re  bought u n t i l  th e  q u a n t i ty  s u p p lie d  e q u a ls  th e  q u a n t i ty  
demanded a t  th e  low er p r ic e  l i m i t .  I f  p r ic e  i n i t i a l l y  i s  g r e a te r
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th an  th e  upper l im i t ,  s to c k s  a re  s o ld . However, in  t h i s  c a s e , 
p r ic e s  can  f a l l  to  the  upper l im i t  o n ly  i f  t h e r e  i s  a  q u a n t i ty  o f 
r i c e  in  s to r a g e ,  t h a t ,  to g e th e r  w ith  p ro d u c tio n , i s  s u f f i c i e n t  to  
s a t i s f y  demand a t  th e  upper p r ic e  l i m i t .  I f  n o t ,  p r i c e  rem ains a t  
th e  le v e l  co m p atib le  w ith  th e  q u a n ti ty  a c tu a l ly  s u p p l ie d ,  somewhere 
above th e  u p p er p r ic e  l i m i t .
When p r ic e  has been determ ined  and s to c k s  a d ju s te d  in  
acco rd an ce  w ith  th e  s to c k  management r u le s ,  t h e  com puter c a lc u la te s  
dom estic  demand and e x p o r ts ,  th e  v a lu e  o f s a l e s ,  p u rc h a se s  and 
s to c k s ,  income le v e ls  and government c o s ts .  The i n i t i a l i z i n g  v a lu es  
f o r  th e  fo llo w in g  y e a rs  a re  th en  lag g ed , and a l l  v a lu e s  a re  s to r e d .  
The i t e r a t i o n  th e n  proceeds in  th e  same m anner (u s in g  th e  lagged 
v a lu e s )  to  c a lc u la t e  th e  r e s u l t s  f o r  th e  su b se q u e n t y e a r s .  A t th e  
end o f  th e  s ix th  y e a r a  new i t e r a t i o n  i s  b eg u n , and t h i s  c o n tin u e s  
u n t i l  th e  p re s c r ib e d  number o f  i t e r a t i o n s  i s  c o m p le te . The s to re d  
d a ta  a re  th e n  s u b je c te d  to  s t a t i s t i c a l  a n a ly s i s .
The Rice Programs S im u la ted
Three d i f f e r e n t  r i c e  programs were s im u la te d -  -  - th e  f r e e  
m ark e t, th e  re s e rv e  s to c k s  program , and the  r e s e r v e  s to c k  program  
w ith  t a r g e t  p r ic e s .
The f r e e  m arket program model i s  one in  w hich  th e  governm ent 
e x e r c is e s  no c o n tro l  over acreag e  p lan ted  o r  o v er s to c k s .  I t  i s  
assumed th a t  com m ercial s to ck s  h e ld  would b e  no g r e a t e r  th an  norm al 
p ip e l in e  req u irem en ts  and th a t  businessm en w ould b e  u n w ill in g  to  
ho ld  r i c e  f o r  a number o f y ears  in  o rd e r to  p r o f i t  from  th e  v e ry
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h ig h  p r ic e s  e x p ec ted  to  occur in f r e q u e n t ly .  The r e s u l t s  o f  th e  
s im u la tio n  o f t h i s  model form th e  b a s is  w ith  w hich r e s u l t s  o f  o th e r  
program s may be com pared. Comparison o f  th e  im pact o f  d i f f e r e n t  
s t im u l i  cn th e  model may re q u ir e  fo c u s in g  on th e  e x p ec te d  v a lu e s  
and degree  o f  v a r i a t i o n  o f  th e  v a r i a b le s .  When th e  dynam ics a r e  o f  
i n t e r e s t ,  th en  a d ju s tm en t o f  a g iven  v a r ia b le  o v e r tim e  to  an 
i n i t i a l  s tim u lu s  may be fo llo w ed .
The f r e e  m arket model a ls o  has a  p a r t i c u l a r  c o n n e c tio n  w ith  
a l l  th e  o th e r  models q u i te  a p a r t  from i t s  s ig n i f ic a n c e  a s  a  b a s is  
o f  com parison . The f r e e  m arket model p ro v id e s  an  e q u i l ib r iu m  
p r ic e  f o r  th e  m arket which de term in es  w here th e  low er and u p p er 
p r ic e  l im i t s  sho u ld  be s e t  i f  th ey  a r e  to  p e rfo rm  w e ll  in  th e  
management o f  s to c k s .
The r e s e rv e  s to c k  model u ses  r i c e  s to c k s  f o r  two p u rp o se s ,
1 ) th e  s t a b i l i z a t i o n  o f th e  dom estic  r i c e  m a rk e t, and 2 ) th e  
a c q u is i t io n  and m ain tenance  o f  s to ck s  w hich can  be  u sed  when 
abnorm al c o n d it io n s  g iv e  r i s e  to  emergency needs in  f o r e ig n  o r 
dom estic  m a rk e ts . The method o f o p e ra t io n  o f  t h i s  ty p e  o f  model 
was d e sc r ib e d  when th e  s im u la tio n  model was d is c u s s e d .  I t  i s  a 
c ru d e  ap p ro x im a tio n  o f th e  m arket s t a b i l i z a t i o n  f e a tu r e s  o f  c u r r e n t  
r i c e  l e g i s l a t i o n ,  b u t some key d if f e r e n c e s  betw een th e  o p e ra t io n  o f 
th e  re s e rv e  s to c k  model and th e  c u r r e n t  program  a r e  n o tew o rth y . 
F i r s t l y ,  th e  low er p r ic e  l im i t  co rre sp o n d s to  th e  s u p p o r t  p r ic e  
p ro v is io n  o f  th e  c u r r e n t  program , b u t ,  w hereas th e  a c tu a l  program  
g iv e s  p r ic e  su p p o r t on ly  to  r i c e  under a l lo tm e n t by means o f  lo a n , 
th e  re s e rv e  s to c k  model g iv e s  p r ic e  su p p o rt to  a l l  r i c e ,  and does so
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by means o f o u t r ig h t  p u rch ase . The second d i f f e r e n c e  co n ce rn s  th e  
u p p er p r ic e  l im i t  o f  th e  re s e rv e  s to c k  m odel, w hich co rre sp o n d s  to  
th e  p r ic e  a t  w hich s to c k s  a r e  r e le a s e d  from  s to r a g e  ( r e le a s e  p r i c e ) . 
Under th e  c u r r e n t  l e g i s l a t i o n ,  s to c k s  may be r e le a s e d  a t  th e  r e le a s e  
p r ic e  l e v e l ,  b u t in  th e  re s e rv e  s to c k  model r i c e  m ust be s o ld .  
R e lease  p r ic e s  in  th e  re s e rv e  s to c k  model a re  much h ig h e r  in  
p ro p o r tio n  to  th e  su p p o rt p r ic e s  th a n  th ey  a re  u n d e r th e  c u r r e n t  
r i c e  program  o p e ra tin g  under th e  R ice P ro d u c tio n  A ct o f  1975.
A l te r n a t iv e  P r ic e  L im it S t r a t e g i e s : I t  was in d ic a te d
p re v io u s ly  t h a t  th e  g e n e ra l q u e s t io n  w hich th e  r e s e rv e  s to c k  model 
a tte m p ts  to  answ er i s  what deg ree  o f  p r i c e  and income s t a b i l i z a t i o n ,  
a s  w e ll a s  p r o te c t io n  from d an g e ro u sly  low s to c k s ,  can  be  ach iev ed  
by p la c in g  p r ic e  l im i t s  in  c e r t a i n  p o s i t io n s  in  r e l a t i o n  to  th e  
o v e r a l l  e q u il ib r iu m  p r ic e  d e te rm in ed  by f r e e  m arke t s im u la t io n , and 
a t  w hat c o s t  to  th e  T reasu ry  i s  t h i s  a ch ie v e d ?  U sing th e  same 
i n i t i a l  l e v e l  o f  s to c k s  two ex p erim en ts  w ere co nducted  to  t e s t  p r ic e  
l im i t  s t r a t e g i e s .
The f i r s t  experim en t w ith  p r ic e  l im i t  s t r a t e g i e s  was 
d esig n ed  to  o b ta in  a  com parison o f  th e  e f f e c t s  o f  u n eq u al p r ic e  
bands (gaps betw een p r ic e  l im i t s )  on th e  sy stem , w here th e  p r ic e  
bands w ere c e n te re d  on th e  f r e e  m arke t e q u i l ib r iu m  p r ic e .
The second experim en t w ith  p r i c e  l i m i t  s t r a t e g i e s  was 
d esig n ed  to  o b ta in  a  com parison o f  th e  e f f e c t s  o f  p r ic e  bands t h a t  
w ere n o t c e n te re d  on th e  e q u il ib r iu m  p r i c e  o f  th e  f r e e  m ark e t. Two
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s t r a t e g i e s ,  hav ing  eq u al p r ic e  bands b u t  d i f f e r e n t  p lacem ent in  
r e l a t i o n  to  th e  e q u ilib r iu m  p r i c e ,  w ere u se d .
A l te r n a t iv e  I n i t i a l  C a r ry - in  S t r a t e g i e s : A ll  th e  above
re s e rv e  s to c k  experim en ts w ere co nducted  u s in g  th e  same i n i t i a l  
c a r r y - in  ( r e s e rv e  s to ck ) l e v e l ,  t h a t  o f  1974. The n e x t ex p erim en t 
w hich was conducted was desig n ed  to  m easure th e  im pact o f d i f f e r e n t  
i n i t i a l  re s e rv e  s to c k  le v e ls  when th e  p r ic e  l im i t s  rem ain unchanged. 
One p r ic e  band c e n te re d  on th e  f r e e  m ark e t e q u il ib r iu m  p r ic e  was 
u sed  ($11 .00  and $ 7 .0 0 ) , to g e th e r  w ith  th r e e  a l t e r n a t i v e  i n i t i a l  
le v e l s  o f  c a r r y - in ,  (8 ,30 , and 50 m i l l i o n  h u n d red w eig h ts) .
A l te r n a t iv e  T a rg e t P r ic e  S t r a t e g i e s ; A r e s e rv e  s to c k  
program  w ith  t a r g e t  p r ic e s  was a ls o  s im u la te d . One o f  the  p o l ic y  
in s tru m e n ts  in tro d u ced  in  th e  R ice P ro d u c tio n  A ct o f  1975 was th e  
d e f ic ie n c y  payment. Under t h i s  p ro v is io n  o f  th e  l e g i s l a t i o n  a 
p ro d u ce r may re c e iv e  d e f ic ie n c y  paym ents b ased  on th e  d i f f e r e n c e  
betw een th e  t a r g e t  p r ic e  and th e  n a t io n a l  av erag e  p r ic e  re c e iv e d .
The t o t a l  payment to  a p roducer i s  e q u a l to  th e  a l lo tm e n t p ro d u c tio n  
tim es th e  per hundredw eight d e f ic ie n c y  paym ent. O ther p ro v is io n s  
o f  th e  b i l l  make i t  d i f f i c u l t  to  r e p r e s e n t  t h i s  a sp e c t o f  th e  
l e g i s l a t i o n  a c c u ra te ly  in  th e  s im u la t io n  m odel; c o n se q u e n tly  
d e f ic ie n c y  payments in  th e  model a r e  a r b i t r a r i l y  based  on n in e ty  
p e rc e n t o f  a c tu a l  y ie ld  tim es 1 .8  m i l l i o n  a c r e s .  The a c rea g e  on 
w hich th e  payments a re  b ased , 1 . 8  m i l l io n  a c re s  i s  t h a t  p ro v id ed  in  
th e  a c t  a s  a  b a s is  f o r  payments and a  n in e ty  p e rc e n t p a r t i c ip a t io n
56
r a t e  i s  used  because  i t  i s  assumed t h a t  te n  p e rc e n t o f  p ro d u ce rs  
would f a i l  to  meet th e  e l i g i b i l i t y  re q u ire m e n ts .
The in t r o d u c t io n  o f  t a r g e t  p r ic e s  has m inim al e f f e c t  on 
th e  o p e ra tio n  o f  th e  sy stem . D e fic ie n c y  payments a r e  g e n e ra te d  
and th e se  a re  added to  b o th  governm ent c o s t  and p ro d u c e rs ' g ro ss  
income to  g e n e ra te  two new v a r i a b l e s ,  t o t a l  governm ent c o s ts  and 
t o t a l  income from r i c e ,  r e s p e c t iv e ly .
One o f  th e  main q u e s tio n s  posed by th e  model o f  t h i s  ty p e  
o f  program  i s  w hether d e f ic ie n c y  paym ents can  a f f e c t  th e  le v e l  and 
s t a b i l i t y  o f  p ro d u c e r 's  income a t  a c o s t  t h a t  i s  a c c e p ta b le  to  th e  
T re a su ry . S t a t i s t i c s  w i l l  be g e n e ra te d  to  h e lp  answ er t h i s  
q u e s t io n .
The F ree  M arket S im u la tio n  R e s u lts
The f r e e  m arket s im u la t io n  f o r  th e  p e r io d  1975 to  1980 used  
f o r  i t s  i n i t i a l i s i n g  p a ram ete rs  th e  observed  le v e l s  o f  p r i c e ,  a c reag e  
p la n te d , and c a r ry o v e r  f o r  th e  m ark e tin g  y e a r ,  1974-1975. The 
r e s u l t s  a re  shown in  T ab les 2 , 3 and 7.
In  t h i s  d i s s e r t a t i o n  th e  s im u la tio n  r e s u l t s  f o r  1975-1980 
w ere re p o r te d  in  th e  p re s e n t  and p a s t  te n s e ,  even though th e  end o f 
th e  p e rio d  i s  in  the  f u tu r e .  I t  i s  em phasised , how ever, t h a t  th e se  
r e s u l t s  in d ic a te  what would have happened i f  th e  s im u la ted  
c o n d itio n s  a c tu a l ly  o c c u rre d .
Summary R e s u l t s .  1975-80, Mean and V a r ia t io n
Mean v a lu e s  f o r  th e  o v e r a l l  p e r io d  a re  q u i te  in  acco rd an ce  
w ith  e x p e c ta t io n s .  They r e f l e c t  th e  most r e c e n t  le v e ls  o f  p r i c e s ,  
a c re a g e , p ro d u c tio n , consum ption , e x p o r ts ,  and income from r i c e  
p ro d u c tio n .
The c o e f f i c i e n t  o f  v a r i a t i o n ,  C .V ., ( th e  s ta n d a rd  d e v ia t io n  
d iv id e d  by th e  mean) i s  a  m easure o f  v a r i a t i o n  which a llo w s 
com parison  o f  th e  v a r i a b i l i t y  o f  d i f f e r e n t  v a r ia b le s  o r  t h a t  o f th e  
same v a r ia b le  in  d i f f e r e n t  tim e p e r io d s .  Those in  th e  summary 
column 1975-80 r e f e r  to  3 ,000 o b s e rv a t io n s , t h a t  i s ,  500 i t e r a t i o n s  
per y e a r over 6 y e a r s ,  and th o se  in  th e  columns o f annual r e s u l t s  
co v er 500 i t e r a t i o n s .  A la rg e  deg ree  o f  v a r i a t io n  i s  ex p ec ted  in  
th e  r e s u l t s  o f  most v a r ia b le s  in  th e  f r e e  m arket a n a ly s is  becau se  
two so u rc e s  o f  v a r i a t i o n  have been  d e l i b e r a t e l y  p laced  in  th e  m odel. 
These a re  y ie ld  v a r i a t io n s  and e x p o rt demand v a r i a t io n ,  w hich , 
th rough  th e  i n t e r a c t io n  o f  su p p ly  and demand a re  ex p ec ted  to  cau se  
p r i c e ,  v a lu e  o f  e x p o rts  and income to  v a ry  c o n s id e ra b ly . The 
r e s u l t s  show c o e f f i c i e n t s  o f v a r i a t i o n  o f  5 0 .4 , 4 7 .3 ,and 4 8 .7  
r e s p e c t iv e ly  fo r  p r i c e ,  v a lu e  o f  e x p o r ts  and g ro ss  income from r i c e .  
T h is i s  a v e ry  h ig h  le v e l  o f  v a r i a t i o n  and would be most u n a c c e p ta b le  
to  a l l  g roups in v o lv ed  in  th e  r i c e  in d u s try  —  p ro d u c e rs , p ro c e s s o rs ,  
im p o rte rs  o f  r i c e  from  th e  U nited  S ta te s  and consumers in  th e  U n ited  
S ta te s .  Should such a s i t u a t i o n  e x i s t  i t  i s  l i k e ly  th a t  th e r e  would 
be s tro n g  p re s s u re s  f o r  th e  in t r o d u c t io n  o f a program  c ap a b le  o f  
red u c in g  th e  m arket v o l a t i l i t y  to  more a c c e p ta b le  l e v e l s .
T ab le  2 • The F ree  M arket Model: Means and C o e f f ic ie n t s  o f  V a r ia t io n ,  1975-1980.® /
T t  Q T T l U nit Yearx tciu 1975/80 1975 1976 1977 1978 1979 1980
Means
Area P la n te d 1000 A cres 2632.66 2752.63 2408.14 2542.73 2609.34 2697.46 2785.66
Y ie ld Cwt. p e r  A cre 45 .00 44 .85 44 .8 2 44 .96 45 .10 45 .10 45 .12
P ro d u c tio n M il l io n  cw t. 118.47 123.47 107.94 114.34 117.68 121.65 125.72
D om estic Use M il l io n  cw t. 47 .50 44 .12 43 .63 46 .02 48 .07 50.37 52.76
E x p o rts M il l io n  cw t. 70.48 76.65 64.27 68.25 69.56 71.24 72.92
P r ic e D o l./c w t. 8 .18 1 .70 9 .1 6 8.57 9 .36 9.84 10.44
E xport S a le s M il. D o lla rs 560.02 130.80 583.97 572.99 638.20 688.43 745.73
G ross Income 
from  R ice M il. D o lla rs 952.40 208.17 982.25 964.82 1085.08 1180.96 1293.06
C o e f f ic ie n t s  o f 
V a r ia t io n  (P e rc e n t)  
A rea P la n te d 6 . 8 0 . 0 2 .5 4 .5 4 .4 4 .4 4 .4
Y ie ld 2 .9 2 .9 2 .9 3 .0 2 .9 2 . 8 2 . 8
P ro d u c tio n 7 .0 2 .9 3 .7 5 .5 5 .2 5 .0 5 .3
D om estic Use 7 .2 0 .9 1 .9 2 . 2 2 . 2 2 . 2 2 . 2
E x p o rts 8 . 8 4 .2 5 .4 7 .9 7 .6 7 .3 7 .8
P r ic e 50 .4 70 .0 27 .1 3 5 .9 3 4 .0 33 .1 3 2 .8
E xport S a le s 47 .3 69 .9 24 .8 3 1 .4 29 .2 28 .8 27.7
G ross Income 
from  R ice 48 .7 67 .6 24 .9 32.3 3 0 .2 29.7 28.9
a /  Annual S t a t i s t i c s  ( i d e n t i f i e d  by y e a r above) a r e  based  on 500 o b s e rv a t io n s , and summary s t a t i s t i c s  
( i d e n t i f i e d  by. 1975/80) a r e  b ased  on 3000 o b s e r v a t io n s ,  t h a t  i s  500 i t e r a t i o n s  p e r  y e a r  f o r  each o f  s ix  
y e a r s .
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A lthough y ie ld  v a r i a t i o n  was in tro d u c e d  in to  th e  model to  
cause  v a r i a t io n  on th e  su p p ly  s id e ,  i t s  c o e f f i c i e n t  o f  v a r ia t io n  
i s  q u ite  sm a ll, s l i g h t l y  l e s s  th an  3 p e rc e n t .  The c o e f f i c i e n t  o f 
v a r i a t io n  o f a c rea g e  p la n te d  i s  g r e a t e r ,  6 .2  p e rc e n t .  These two 
v a r ia b le s  c o n t r ib u te  to  th e  c o e f f i c i e n t  o f  v a r i a t io n  o f  6 .95  p e rc e n t 
fo r  p ro d u c tio n . On th e  demand s id e ,  e x p o rt demand v a r i a t io n ,  a 
so u rce  o f v a r i a t i o n  in tro d u c e d  in to  th e  model i s  8 . 8  p e rc e n t ,  j u s t  
s l i g h t l y  l a r g e r  th a n  th a t  o f  dom estic  demand.
Annual R e su lts
Mean V a lu e s : The an n u al mean v a lu e s  t r a c e  th e  tim e p a th  o f
each  v a r ia b le .  I t  i s  im m ed ia te ly  c l e a r  t h a t  th e  in tr o d u c t io n  o f a 
f r e e  m arket u s in g  th e  i n i t i a l i s i n g  p a ram ete rs  o f  1974, namely a 
com bination  o f h ig h  a c re a g e  (2555 thousand  a c r e s ) ,  h ig h  p r ic e  (11 .20  
d o l la r s )  and low c a r r y - i n  ( 8  m i l l io n  c w t.)  cau sed  q u i te  a shock to  
th e  system . The 1975 r e s u l t s  f e a tu r e  h ig h  a c re a g e  and p ro d u c tio n  
to g e th e r  w ith  ex tre m e ly  low p r i c e ,  income and e x p o rt s a l e s .
V a r ia t io n  was ex trem e . However, th e  system  in  1976 com pensated w ith  
low er ac reag e  and p ro d u c tio n , and p r ic e s  q u i te  n e a r  e q u il ib r iu m  
l e v e l s .  T h e re a f te r  v a r i a b le  mean v a lu e s  rem ained  q u ite  s t a b l e ,  and 
appeared  to  re sp o n d  m a in ly  to  th e  in f lu e n c e  o f  th e  tre n d  v a lu e s  in  
th e  demand e q u a tio n s .
Annual mean p r ic e  tre n d e d  up from 8 .5 7  d o l la r s  in  1977 to  
10.44 d o l la r s  p e r h u ndredw eigh t in  1980. A creage p la n te d , b e in g  
u n a ffe c te d  by th e  c o n s ta n t  le v e l  o f  c a r ry o v e r ,  tre n d e d  upwards in  
resp o n se  to  th e  in c r e a s in g  p r ic e  and i t s  own lagged  v a lu e . The le v e l
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o f  p ro d u c tio n  in  1980, a p p ro x im a te ly  eq u a l to  th a t  in  1975, (123 
m ill io n  h u n d red w eig h ts) , d id  n o t d e p re ss  p r ic e  as  in  1975, b u t was 
com patib le  w ith  th e  top  p r ic e  o f  10.44 d o l l a r s .  The tre n d  f a c to r  
in  th e  demand e q u a tio n  was re s p o n s ib le  f o r  th e  a b so rb tio n  o f th e  
h ig h  le v e l  o f p ro d u c tio n  a t  th e  h ig h  p r ic e .
V a r ia t io n : The p a t t e r n  o f  v a r i a t io n  in  th e  l a s t  th re e
y e a rs  i s  a lm o st unchanged f o r  most v a r i a b l e s ,  and t h a t  o f  1976 i s  
n o t very  d i f f e r e n t  from  t h a t  o f  th e  l a s t  th r e e  y e a r s .  However, a l l  
v a r ia b le s  (e x c e p t y ie ld )  in  1975 had c o e f f i c i e n t s  o f  v a r ia t io n  th a t  
were q u ite  d i f f e r e n t  from  th o se  o f  o tH er y e a r s .  In  th e  case  o f 
p r ic e ,  ex p o rt s a l e s ,  and incom e, th e  c o e f f i c i e n t s  o f  v a r ia t io n  w ere 
abou t 70 p e rc e n t ,  w e ll  above th e  le v e l  o f  th e  l a s t  4 y e a r s .  In  the  
case  o f a c reag e  p la n te d , p ro d u c tio n , dom estic  u s e , and e x p o r ts , th e  
v a r ia t io n  was l e s s  th a n  in  th e  l a s t  fo u r  y e a r s .  Acreage p la n te d  in  
1975 does n o t v a ry  b ecau se  i t  i s  based  on th e  c o n s ta n t  v a lu es  o f  th e  
i n i t i a l i s i n g  p a ra m e te rs .
A lte rn a t iv e  R e p re s e n ta t io n  o f  the ' F ree  
Market E q u ilib r iu m
I f  th e  l a s t  th r e e  y e a r s ,  1978-1980, a re  more re p re s e n ta t iv e  
o f  th e  f r e e  m arket a t  i t s  more "norm al" o r  av erag e  s t a t e ,  as th e  
s ta b le  c o e f f i c i e n t s  o f  v a r i a t i o n  seem to  in d ic a te ,  th en  th e  fo llo w in g  
p ic tu re  i s  p re s e n te d . F i r s t l y ,  th e  e q u il ib r iu m  p r ic e  i s  h ig h e r th an  
th e  $8.18 (w ith  a  s ta n d a rd  d e v ia t io n  o f $4 .12 ) o f  th e  summary d a ta ;  
th e  average p r ic e  f o r  th e  l a s t  f iv e  y e a rs  i s  $9.47 and the  
c o e f f i c i e n t  o f  v a r i a t i o n  a b o u t 33 p e rc e n t .  G ross income from r i c e
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p ro d u c tio n  tre n d s  upwards from  982 m il l io n  d o l l a r s  in  1976 to  1293 
m il l io n  d o l la r s  in  1980 and th e  c o e f f i c i e n t  o f  v a r i a t io n  i s  abou t 
30 p e rc e n t .  P ro d u c tio n , d o m estic  consum ption and e x p o r ts  tre n d  
upwards by sm all am ounts, and t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n  have 
s t a b i l i z e d  a t  ap p ro x im a te ly  5 , 12, and 7 p e rc e n t ,  r e s p e c t iv e ly .
The v a lu e  o f  e x p o rts  t re n d s  upwards from s l i g h t l y  l e s s  th an  500 
m il l io n  d o l la r s  in  1976 to  746 m i l l io n  d o l l a r s  in  1980 and i t s  
c o e f f i c i e n t  o f v a r i a t i o n  tre n d s  downwards s l i g h t l y  from  1977 onw ards.
E q u ilib riu m  P r i c e : I t  was in d ic a te d  p re v io u s ly  t h a t  th e
f r e e  m arket e q u ilib r iu m  p r ic e  was th e  b a s is  on w hich th e  p r ic e  
l im i t s  o f  th e  re s e rv e  s to c k  m odels shou ld  be s e t .  An a c c u ra te  
knowledge o f the  l e v e l  o f e q u il ib r iu m  p r ic e  i s  e s s e n t i a l  in  choosing  
p r ic e  l im i t s  th a t  p ro v id e  a le v e l  o f  r i c e  s to c k s  t h a t  g iv e s  ad eq u a te  
p ro te c t io n  o f  th e  m arket w ith o u t  b e in g  too  c o s t l y .  The d is c u s s io n  
o f  th e  e q u ilib r iu m  p r ic e ,  found in  th e  summary s t a t i s t i c s  1975-80, 
and o f  th e  a l t e r n a t i v e  e q u i l ib r iu m  p r ic e  j u s t  p ro p o sed , in d ic a te  
t h a t  th e  r e s u l t s  have n o t p ro v id ed  th e  d eg ree  o f  a ccu racy  re q u ire d . 
T h e re fo re  a  p r ic e  o f  9 d o l l a r s  i s  a r b i t r a r i l y  chosen  as  th e  
e q u ilib r iu m  p r ic e .  T h is i s  82 c e n ts  above th e  o v e r a l l  averag e  p r ic e  
and 47 c e n ts  below th e  a v e rag e  o f th e  av erag e  p r ic e s  f o r  th e  l a s t  
f iv e  y e a r s .
Thus, th e  f i r s t  b u f f e r  s to c k  model has p r ic e  l im i t s  c e n te re d
on t h i s  chosen e q u il ib r iu m  p r i c e  l e v e l ,  th e  upper p r ic e  l im i t  be ing
1 .50  d o l la r s  above i t  and th e  low er l im i t  b e in g  1 .50 d o l l a r s  below 
i t .  I t  w i l l  now be d is c u s s e d  in  d e t a i l  and r e s u l t s  compared w ith  
th o se  o f th e  f r e e  m arket m odel.
A R eserve S to ck  M odel's  R e su lts
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The f r e e  m arket model was c h a r a c te r iz e d  by th e  absence  o f 
government involvem ent in  th e  c o n t r o l  o f  s to c k s  and a c rea g e  p la n te d .
No a tte m p t was made to  dampen th e  e f f e c t  o f  th e  m arket i n s t a b i l i t y  
th a t  r e s u l te d  from th e .p re s e n c e  o f  th e  random d is tu rb a n c e  e lem en ts .
In  th e  re s e rv e  s to ck  m odel, a s  p re v io u s ly  in d ic a te d ,  governm ent 
u ses  s to c k s  fo r  th e  d u a l pu rp o se  o f  m arket s t a b i l i z a t i o n  and 
p ro te c t io n  from u n d e s ir a b le  consequences o f  hav ing  low o r  zero  
s to ck s  in  an em ergency. A creage p la n te d ,  in  t h i s  ty p e  o f  m odel, i s  
i n d i r e c t ly  a f fe c te d  by governm ent a c t io n s  because  i t  i s  n e g a t iv e ly  
r e l a t e d  to  th e  le v e l  o f  c a r r y - i n .
I n t e r e s t ,  in  t h i s  m odel, fo c u se s  on such v a r ia b le s  as  
c a r ry o v e r , p u rc h a se s , and s a le s  by th e  Commodity C re d i t  C o rp o ra tio n  
(CCC), and on th e  c o s ts  o f  s to c k  management. A lthough th e  ex p ec ted  
v a lu es  o r  mean le v e ls  o f  v a r i a b le s  a re  o f  i n t e r e s t ,  c lo s e  a t t e n t io n  
w i l l  be pa id  to  v a r i a t i o n  and th e  freq u en cy  w ith  w hich extrem e 
v a lu es  o ccu r . For exam ple, an a c c e p ta b ly  low o v e r a l l  mean le v e l  o f 
c a rry o v e r  may tend  to  in d ic a te  t h a t  th e  p r ic e  l im i t s  have been  w e ll 
chosen , b u t i f  a t  th e  same tim e th e  freq u en cy  d i s t r i b u t i o n  o f c a r r y ­
over le v e l s  shows u n a c c e p ta b le  f r e q u e n c ie s  o f  v e ry  h ig h  s to c k s  o r  
zero  s to c k , then  th e  p r ic e  l i m i t s  w i l l  be u n a c c e p ta b le .
The re se rv e  s to c k  model p re s e n te d  h e re  used  th e  1974
observed  v a lu es  o f  p r i c e ,  a c re a g e  p la n te d  and c a r ry o v e r  an
i n i t i a l i z i n g  p a ra m e te rs . The p r i c e  l im i t s  have been  d is c u s s e d
p re v io u s ly  and a re  s e t  a t  10 .50  d o l l a r s  and 7 .50  d o l l a r s  r e s p e c t iv e ly ,  
e q u id is ta n t  from th e  e q u i l ib r iu m  le v e l  o f  p r i c e .
Comparison o f  F ree  M arket and R eserve 
S tock  Model R e su lts
The summary r e s u l t s  f o r  th e  r e s e rv e  s to c k  model and the  
c o rre sp o n d in g  r e s u l t s  f o r  th e  f r e e  m arke t model a r e  in c lu d e d  fo r  
com parison  (T able  3 ) .  These r e s u l t s  summarize th e  s ix - y e a r  p e rio d  
and p ro v id e  o n ly  a rough g u ide  as  to  th e  n a tu re  o f  th e  r e s u l t s  fo r  
in d iv id u a l  y e a r s .  F or exam ple, where a  v a r ia b le  shows l i t t l e  
w ith in -y e a r  v a r i a t i o n ,  b u t t re n d s  upw ards, i t s  summary r e s u l t s  show 
a much l a r g e r  c o e f f i c i e n t  o f  v a r i a t i o n  th a n  i s  found in  any one 
y e a r .  Such i s  th e  c a se  f o r  dom estic  u se  o f  r i c e .
I f  th e  two m odels a r e  compared w here th ey  have v a r ia b le s  in  
common, th e  m ost obvious d i f f e r e n c e s  a r e  found in  p r ic e  and th e  
v a r ia b le s  a s s o c ia te d  w ith  p r i c e ,  e s p e c ia l l y  in  r e l a t i o n  to  v a r i a t io n .  
Comparing th e  f r e e  m arket model w ith  th e  b u f f e r  s to c k  m odel, th e  
r e s p e c t iv e  f ig u r e s  f o r  mean p r ic e  w ere $8.18 and $ 9 .5 8 , f o r  th e  
c o e f f i c i e n t  o f  v a r i a t i o n  o f  p r ic e  5 0 .4  and 1 7 .2 : f o r  mean g ro ss
income from r i c e  th ey  w ere 952 .4  and 1082.7 m i l l io n  d o l l a r s ,  and 
f o r  th e  c o e f f i c i e n t  o f  v a r i a t i o n  o f  th e  same v a r ia b le  th ey  were 
4 8 .7  and 15 .5  p e rc e n t .  The r e s u l t  o f  th e  governm ent a c t io n  was t h a t  
th e  v a r i a t i o n  was reduced  c o n s id e ra b ly  in  p r ic e  and in , t h e  v a r ia b le s  
a s s o c ia te d  w ith  i t ,  and th e  mean v a lu e s  w ere in c re a s e d  o v e r th o se  
o f  th e  f r e e  m ark e t.
Four v a r ia b le s  common to  th e  two m odels rem ain  to  be 
com pared. Mean a c reag e  p la n te d  and p ro d u c tio n  l e v e l s  in  th e  re s e rv e  
s to c k  models ap p ear to  have f a l l e n ,  and t h e i r  v a r i a b i l i t y  in c re a se d  
in  com parison to  th e  f r e e  m arket m odel. E x p o rts  d e c rea se d  s l i g h t l y
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T able  3 . The F ree  M arket 
C o e f f ic ie n ts  o f
and R eserve 
V a r ia t io n .
S to c k  Models 
1975 -  1980
: . Means a /
• """
and
U n i t s '
F ree  M arket R eserve S tock
V a ria b le Mean C o e f ^  
o f  V ar.
Mean C o e f /  
o f  V ar.
A rea P la n te d 1000 Ac. 2362.66 6 . 2 2513.65 8 .5
P ro d u c tio n m il .  cw t. 118.47 6 .9 113.92 9.03
D om estic Use m il .  cw t. 47 .5 0 7 .2 47 .02 7 .9
E x p o rts m i l .  cw t. 70 .48 8 . 8 68 .56 7 .5
C a r ry - in m il .  cw t. — ------ 14.60 6 4 .0
C arry -o u t m i l .  cw t. — — 13.78 7 4 .0
P urchases m il .  cw t. ------ 3 .22 2 0 1 . 0
S a le s m i l .  cw t. 4 .0 5 136.0
P r ic e d o l . /c w t . 8 .1 8 5 0 .4 9 .58 17 .2
E xp o rt S a le s m il .  d o l. 560.02 4 7 .3 658.18 19 .8
P u rch ases  ($ )—^ m il .  d o l. 24.16 2 0 1 . 0
S a le s  ($ )£ / m i l .  d o l. — 42 .5 0 136.0
G ross Income 
from R ice m il .  d o l. 952.40 4 8 .7 1082.73 15.5
C ost o f  S tock 
Management m il .  d o l. ------- ------- 7 .70 263.0
a/Summary S t a t i s t i c s  fo r  1975-80, b ased  on 3000 o b s e rv a t io n s ,  t h a t  i s  
500 i t e r a t i o n s  p e r  y e a r  f o r  s i x  y e a r s .
b /C o e f f ic ie n t  o f  V a r ia t io n ,  e x p re sse d  a s  p e rc e n ta g e s , 
c /U n its  r e f e r  to  mean v a lu e s  o n ly .
d /T hese  v a r ia b le s  a re  v a lu e  o f  p u rc h a se s  and  v a lu e  o f  s a l e s .
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and t h e i r  v a r i a b i l i t y  d ecreased  a l s o .  Domestic u se  o f  r i c e  
rem ained s t a b l e  w ith  re g a rd  to  i t s  mean v a lu e  and v a r i a b i l i t y .
The s a l i e n t  f e a tu re  in  th e  q u a n ti ty  d a ta  a s s o c ia te d  w ith  
th e  s to c k  a c t i v i t y  ( c a r r y - in  th rough  s a le s  in  T abel 3) i s  th e  g r e a t  
s i z e  o f  the  c o e f f i c i e n t s  o f  v a r i a t i o n .  This in d ic a te s  t h a t  a s to c k  
management o rg a n iz a t io n  would e x p e rien c e  extrem e f lu c tu a t io n s  in  
s a l e s ,  pu rch ases  and s to c k s .  T h is  v a r ia t io n  w i l l  be  i l l u s t r a t e d  in  
T ab le  6 . The d o l l a r  v a lu e s  o f s a le s  and p u rch ases  r e f l e c t  th e  h ig h  
d eg ree  o f v a r i a t i o n  o f  th e  a s s o c ia te d  q u a n ti ty  v a r i a b l e s .
The c o s t  o f  s to c k  management i s  th e  f i n a l  v a r i a b l e  to  be 
d is c u s s e d . T his in c lu d e s  th e  c o s t  o f  p u rc h a se s , s to r a g e  c o s t s ,  
i n t e r e s t  c o s t s ,  ad ju s tm en t fo r  change in  v a lu e  o f  s to c k s ,  and v a lu e  
o f  s a l e s .  The o v e r a l l  c o s t  o f  s to c k  management may be n e g a tiv e  i f  
th e  l a s t  two e lem en ts  a re  g r e a te r  th an  th e  o th e r s .  T h is  r e p r e s e n ts  
a  p r o f i t  s i t u a t i o n  r e s u l t i n g  from  s to c k  management. O th e r governm ent 
c o s ts  such a s  a d m in is tr a t io n  c o s ts  a re  n o t in c lu d e d  h e r e .
The mean le v e l  o f s to c k  management c o s ts  i s  shown a s  7 .7  
m i l l io n  d o l l a r s .  T h is mean co v ers  a l l  s ix  y e a rs  and 3 ,0 0 0  
i t e r a t i o n s  and in  some i t e r a t i o n s  th e  datum f o r  t h i s  v a r i a b l e  was 
n e g a tiv e  and i t s  a b so lu te  v a lu e  was la r g e . 2
Annual R e s u lts  f o r  th e  R eserve S tock  Model
I t  would be d i f f i c u l t  to  d is c u s s  here  a l l  th e  in fo rm a tio n  in  
T able 4 and T able 5 . Two p ro c e sse s  a r e ,  th e r e f o r e ,  s e l e c te d  f o r  
com prehensive t r e a tm e n t.  The f i r s t  i s  an a tte m p t to  i l l u s t r a t e  th e
^See comments on s to ra g e  c o s ts  in  Appendix B.
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dynam ics o f  th e  system  by t r a c in g  s im u lta n eo u s ly  th e  tim e p a th s  o f 
s e le c te d  r e l a t e d  v a r i a b l e s .  The second p ro cess  to  be t r a c e d  in  th e  
s t a t i s t i c s  h e re  i s  th e  s to c k  management o p e ra t io n .  Both o f  th e se  
d is c u s s io n s ,  how ever, a re  preceded by a  b r i e f  ex am in a tio n  o f some 
c h a r a c t e r i s t i c s  o f  th e  d a ta  p re sen te d  in  T ab les  4 and 5 .
Domestic u se  o f  r i c e  p ro v id es  an  example o f  low v a r i a t i o n  in  
an n u a l r e s u l t s ,  y e t  h ig h  v a r i a t io n  in  summary (1975-1980) r e s u l t s .  
The maximum annual v a r i a t i o n  was 1 .2  p e rc e n t ,  y e t  a  much h ig h e r  
v a r i a t i o n  (7 .9  p e rc e n t)  o ccu rred  in  th e  summary r e s u l t s .  The upward 
tre n d  i s  r e s p o n s ib le  f o r  t h i s .  P ro d u c tio n  and a c re a g e  p la n te d  a ls o  
show th e  same phenomenon. C arry -o u t becomes in c r e a s in g ly  v a r ia b le  
o v e r tim e  e s p e c ia l l y  in  th e  l a s t  fo u r y e a r s , and c o s t  o f  s to c k  
management behaves in  e x a c t ly  th e  same way. G ross income from  r i c e  
p ro d u c tio n , p r ic e  and e x p o rt s a le s  have s im ila r  p a t te r n s  o f 
v a r i a t i o n  over tim e , te n d in g  to  peak i n  1976 and in  1979 and 1980. 
T h e ir  mean v a lu e s  t r e n d  upw ards. Average p u rc h a se s  re a ch  a  h ig h  in  
1975, and drop o f f  to  v e ry  low v a lu es  f o r  th e  r e s t  o f  th e  p e r io d . 
S a le s ,  on th e  o th e r  hand, peak in  th e  l a t e r  y e a r s  (T ab les  4 and 5 ) .
The system  may be seen  to  o p e ra te  as  fo l lo w s . A creage 
p la n te d  in  1975, b e in g  a fu n c tio n  o f th e  h i s t o r i c a l l y  h ig h  le v e l s  
o f  a re a  p la n te d  and p r ic e  and low le v e l s  o f c a r ry -o v e r  in  1974, was 
v e ry  h ig h  — 2 .75  m i l l io n  a c re s  (T able 4 ) .  The p ro d u c tio n  l e v e l  o f  
123 m i l l io n  hundredw eigh ts b e in g  h ig h , r e l a t i v e  to  demand, caused  
p r ic e  to  drop to  th e  su p p o rt le v e l  o f 7 .50  d o l l a r s ,  and c a r ry -o v e r  
was in c re a s e d  from  8  to  24 m il l io n  h u n d red w eig h ts . T h is h ig h  c a r r y ­
ov er l e v e l  had q u i te  a d e p re ss in g  e f f e c t  on a re a  p la n te d  in  1976,
T able  4 .  The F i r s t  R eserve  S to ck  Model: Mean V alues o f  F o u r te e n  V a r ia b le s ,  Summary and Annual
R e s u l t s ,  1 9 7 5 - 1 9 8 0 '
Time P erio dv a ria D ie s u n i t s 1975-80 1975 1976 1977 1978 1979 1980
A rea P la n te d 1 0 0 0  a c r e s 2531.65 2752.63 2449.40 2281.40 2358.73 2562.48 2785.27
P ro d u c tio n m i l l io n  cw t. 113.92 123.47 109.80 102.59 106.37 115.57 125.72
D om estic Use m il l io n  cw t. 47 .02 42.15 43 .7 7 45.45 47 .70 50 .12 52 .94
E x p o rts m i l l io n  cw t. 68.56 62 .15 65 .27 66.23 69.20 70.79 74.61
C a r ry - in m i l l io n  cw t. 14.60 8 . 0 0 24 .19 25 .17 17.38 8 .60 4 .2 6
C arry -o u t m i l l io n  cw t. 13.78 24 .19 25.17 17.38 8 .60 4 .26 3 .0 4
P u rchases m i l l io n  cw t. 3 .22 16.19 1 .70 0 . 1 1 0 .03 0 .18 1 . 1 2
S a le s m i l l io n  cw t. 4 .0 5 0 . 0 0 0 .7 2 7 .90 8.81 4 .5 3 2 .33
P r ic e d o l . / c w t . 9 .58 7 .5 0 8 .78 10.25 10.43 10.57 9 .92
E xport S a le s m i l l i o n  d o l l a r s 658.18 488 .41 573 .10 697.12 722.29 748.59 737.56
V alue o f  P u rch ases m i l l io n  d o l l a r s 24.16 121.45 12.75 0 .8 1 0 . 2 0 1 .38 8 .36
V alue o f  S a le s m i l l io n  d o l l a r s 42 .5 0 0 . 0 0 7 .5 8 82.96 92.47 47 .57 24.46
G ross Income from 
R ice m i l l io n  d o l l a r s 1082.73 926.01 959.88 1049.12 1107.84 1216.59 1236.94
S to ck  Management 
C ost (g a in ) m i l l i o n  d o l l a r s 7 .70 22.53 32 .39 6 . 1 0 ( 8 . 2 2 ) (4 .6 4 ) (1 .9 6 )
aj Annual R e s u lts  based  on 500 i t e r a t i o n s  and summary r e s u l t s  (1975-1980) b ased  on 3000 o b s e rv a tio n s , 
b /  The p r ic e  l im i t s  w ere $10.50  and $ 7 .5 0 .
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Table 5 . The F i r s t  R eserv e  S to ck  M odel: C o e f f ic ie n ts  o f  V a r ia t io n  o f  .
F o u rte e n  V a r ia b le s ,  Summary and Annual R e s u l t s ,  1975-1980, SJzfSl*
V a ria b le s Time P e rio d
1975-80 1975 1976 1977 1978 1979 1980
Area P lan ted 8 .5 0 . 0 3 .4 5 .5 4 .8 4 .5 4 .8
P roduction 9 .0 2 .9 5 .0 6 .4 5 .5 5 .1 5 .7
Domestic Use 7 .9 0 . 0 1 . 0 0 .5 0 .5 1 . 1 1 . 2
E xports 7 .5 6 .3 5 .2 6 .3 5 .6 5 .3 4 .8
C a rry -in 6 4 .0 0 . 0 2 2 . 0 19.1 2 7 .8 61 .3 99.4
C arry -ou t 7 4 .0 2 2 . 0 19 .1 27.8 6 1 .3 9 9 .4 120.4 .
Purchases 2 0 1 . 0 3 2 .9 180.9 623.4 1 . 1 2 539.8 264.6
S a les 136 .0 0 . 0 252.2 79.7 6 9 .9 101.4 149.2
P rice 1 7 .2 0 . 0 14 .3 6 .9 6 .7 15.8 19.1
Export S a le s 1 9 .8 6 .3 1 5 .1 9 .6 9 .1 15.0 17.7
Value o f  P urchase 2 0 1 . 0 3 2 .9 180.9 623.4 8 .36 539.8 264.6
Value o f  S a le 1 36 .0 0 . 0 252.2 79.7 6 9 .9 101.4 149.2
Gross Income from 
Rice 15 .5 2 .9 11 .5 6 .7 6 .5 13.4 15.5
S tock Management 
Cost (g a in ) 2 63 .0 16 .6 24 .7 320.5 240 .3 292.2 502.1
®/ A nnual r e s u l t s  a r e  b ased  on 500 i t e r a t i o n s  and summary r e s u l t s  
(1975 -  1980) a r e  b a se d  on 3000 o b s e rv a t io n s ,  
b /  The p r i c e  l i m i t s  w ere $10.50  and $7.50 p e r  c w t. o f  rough r i c e  
c /  U n its  a r e  p e rc e n ta g e s .
b u t n o t s u f f i c i e n t  to  p re v e n t a s l i g h t  a d d i t io n  to  c a r ry -o v e r .  The 
r e s u l t  was th a t  in  1977 a c re a g e  p la n te d  dropped to  a low o f 2 .2 8  
m il l io n  a c r e s .  In  th e  meantime th e  p o s i t io n  o f  th e  mean annual 
demand curve had s h i f t e d  to  th e  r i g h t  s u f f i c i e n t l y  to  abso rb  th e  
growing le v e l  o f  o u tp u t  and p r ic e s  moved upwards u n t i l  1979 when 
th e  average  p r ic e  had r i s e n  above th e  upper p r ic e  l im i t  (T able  4 ) .  
P r ic e  in  1980 dropped s i x t y - f i v e  c e n ts  in  re sp o n se  to  th e  v e ry  h ig h  
le v e l  o f  p ro d u c tio n , a g a in  t r ig g e r e d  by th e  h ig h  1979 le v e ls  o f  
p r ic e  and a re a  p la n te d .  The h ig h  s a le s  o f  1977 and 1978 d ecreased  
th e  c a r ry -o v e r  le v e l  c o n s id e ra b ly ,  th e re b y  rem oving a  damper from 
th e  a re a  p la n te d  m echanism . The c y c le  h as  begun a g a in .
The S tock  Management O p e ra tio n
The s to c k  management o p e ra t io n  can  be tr a c e d  th rough  th e  
s t a t i s t i c s  o f such v a r i a b le s  as  p r i c e ,  c a r r y - in  and c a r r y - o u t ,  s a le s  
and pu rchases w ith  t h e i r  d o l l a r  v a lu e s ,  and th e  c o s ts  o f  s to ck  
management. However, in  t h i s  c a se  we a re  more i n t e r e s t e d  in  th e  
freq u en cy  ta b le s  t h a t  show th e  p r o b a b i l i ty  o f  extrem e v a lu e s  
o c c u r r in g . These w i l l  be d e a l t  w ith  in  d e t a i l .
In  1975 s tro n g  p r ic e  su p p o rt was needed . The average  
p u rchase  fo r  1975 was 16 .19  m i l l io n  hundredw eigh ts and s a le s  w ere 
ze ro  so th a t  c a r r y - o u t  in  1975 was 24.19 m i l l io n  hundredw eigh ts o f  
r i c e  (T ab le  4 ) .  Both s a le s  and p u rch ases  w ere sm all in  1976. The 
c o s ts  o f  s to ck  management in  th o se  y e a rs  was 23 and 32 m il l io n  
d o l la r s  r e s p e c t iv e ly .  P r ic e s  ten d ed  to  r i s e  in  1977 th rough  1979; 
pu rchases w ere v e ry  low and s to c k  was drawn down a s  s a le s  were made.
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th e  c o s t  o f  s to c k  management d e c rea se d  in  1977 and t h e r e a f t e r  
tu rn e d  to  a p r o f i t  as  a r e s u l t  o f  h ig h  s a le s  p r ic e s  and red u ced  
t o t a l  s to r a g e  and i n t e r e s t  c o s ts  caused  by th e  low ered s to ck  l e v e l s .
C a r ry -o v e r , o v er tim e , a t  f i r s t  in c re a s e s  and th en  d e c re a se s  
to  a low le v e l  (T ab le  4 ) .  I t  becomes much more v a r ia b le  o v e r tim e 
as  th e  c o e f f i c i e n t s  o f  v a r i a t i o n  in d ic a te  (T able  5 ) .  The low mean 
v a lu e s  o f  th e  l a t e r  y e a rs  c o n t r ib u te  to  th e  h ig h  v a lu e s  f o r  t h i s  
s t a t i s t i c  becau se  even a m o d era te ly  s iz e d  s ta n d a rd  d e v ia t io n  i s  a 
v e ry  h ig h  p e rc e n ta g e  o f a sm all mean. The h ig h  c o e f f i c i e n t s  o f  
v a r i a t i o n  o f c a r r y - o v e r ,  how ever, warn o f  th e  g re a t  p r o b a b i l i ty  o f  
ru n n in g  o u t o f  s to c k  in  th e  l a t e r  y e a r s ,  1978-1980 (T ab le  5 ) .
Given th e  i n i t i a l  c a r r y - in  o f  8  m i l l io n  cw t. o f  r i c e  in  1975 
and th e  chosen  p r ic e  l im i t s  ($10 .50  and $ 7 .5 0 ) , Table 6 shows th e  
p e rc e n ta g e  freq u en cy  o f d i f f e r e n t  le v e l s  o f s to c k  eacy y e a r  and f o r  
th e  p e r io d  as a  w hole . The minimum le v e l  o f  s to ck s  shown i s  " le s s  
th a n  1 m il l io n  h u n d red w ieg h t."  T h is i s  done because i t  i s  assumed 
t h a t  governm ent would r e a c t  in  a d i f f e r e n t  way to  s to c k s  below  1 
m il l io n  hundredw eigh ts  th a n  i f  s to c k s  w ere above th a t  l e v e l ,  and 
t h a t  r e le a s e  o f  th e  l a s t  m i l l io n  hundredw eigh t o f  s to c k  would n o t  be 
as e f f e c t iv e  as r e l e a s e  o f  one m il l io n  hundredw eight when much more 
r i c e  was in  s to c k , due to  th e  e f f e c t  o f  e x p e c ta t io n s . The term  
" ru n n in g  o u t o f  s to c k s " ,  th e n , r e f e r s  h e re  to  red u c in g  s to c k  to  l e s s  
th a n  th e  one m il l io n  hundredw eight l e v e l .
S to c k s : The p r o b a b i l i ty  o f  ru n n in g  o u t o f  s to c k s  i s  v e ry
low in  th e  f i r s t  th r e e  y e a r s ,  b u t from 1978 th rough  1980 i t  in c re a s e s
T able  6 . The F i r s t  R eserve S to ck  Model: P e rcen tag e  Frequency D is t r ib u ­
t io n s  o f  P u rch a se s , S a le s ,  C a r ry -o u t ,  and S tock  Management 
C ost (G a in ) , 1975 -  1980.
Item k / Time Period a /
1975-80 1^75 1976 1977 1978 1575 "■ 1580"
Purchases
(m illion
0
b/
cwt.)
72 .57 0 . 2 0 62 .60 96 .80 99.20 95.20 81.40
0 - 5 5 .9 7 1.40 18.40 2 .4 0 0 .80 3 .00 9 .2 0
5 - 1 0 5 .0 7 10.60 1 1 . 2 0 0.80 0 . 0 0 1 . 0 0 6 .8 0
10  - 2 0 12 .37 64 .4 0 7 .20 0 . 0 0 0 . 0 0 0 . 2 0 2 .4 0
20 - 25 3 .0 0 17.40 0 .4 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 0
25 - 30 0 .9 7 5 .6 0 0 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
> 30 0 .0 7 0 .4 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Sales
(million
0
cwt.)
4 9 .8 3 1 0 0 . 0 0 83 .20 19.40 1 2 . 6 0 29.40 54.40
0 - 5 14 .87 0 . 0 0 1 1 . 2 0 16.20 14.60 26.20 2 1 . 0 0
5 - 10 18.37 0.00 5 .2 0 28.80. 29.00 27.60 19.60
10 - 2 0 15.47 0.00 0 .4 0 31 .40 40.20 16.00 4 .8 0
20 - 25 1 .2 3 0 . 0 0 0.00 3 .40 3 .00 0 .80 0 . 2 0
25 - 30 0 .2 3 0 . 0 0 0.00 0 . 8 0 0 . 6 0 0.00 0.00
> 30 0 .1 3 0 . 0 0 0 . 0 0 0.00 0.00 0.00 0 . 0 0
Carry-out 
(m illion cwt.) 
4 14 .57 0 . 0 0 0 . 0 0 0 . 0 0 10.80 34 .20 42 .40
1 - 5 1 2 .4 0 0 . 0 0 0 . 0 0 0 .4 0 15.60 26 .40 32.00
5 - 1 0 15 .00 0 . 2 0 0 . 0 0 6 .6 0 34.40 28 .40 20 .40
10  - 2 0 2 5 .1 0 2 0 . 2 0 14.60 61 .8 0 38.00 11.00 5 .0 0
20 - 30 27 .8 3 65 .40 6 9 .4 0 30 .80 1 . 2 0 0 . 0 0 0 . 2 0
30 - 40 5 .0 7 14.00 16.00 0 .4 0 0 . 0 0 0 . 0 0 0 . 0 0
> 40 0 .0 3 0 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
(c o n tin u e d )
72
Table 6. C o n tin u ed .
Item Time P erio d  a /1975-80 1975 1976 1977 1978 1979 1980
S tock  Management 
C ost (G ain) 
(m i l l io n  d o l l a r s )  
< (40) 1 .3 0 0 . 0 0 . 0 1 . 2 5 .6 0 . 8 0 . 2
(40) - (30) 2 .9 3 0 . 0 0 . 0 4 .0 9 .6 3 .2 0 . 8
(30) - (20) 6 .1 7 0 . 0 0 . 0 5 .4 15.2 1 1 . 8 4 .6
( 2 0 ) -  ( 1 0 ) 9 .9 0 0 . 0 0 . 0 1 0 . 6 16.8 17 .4 14.6
( 1 0 ) - (0 ) 15 .30 0 . 0 0 . 0 16.8 15.6 2 6 .8 32 .6
0  - 10 16.56 0 . 0 2 . 0 14.8 15 .4 2 6 .2 4 1 .0
1 0  - 2 0 13 .17 23 .8 5 .2 17.2 14 .0 1 2 . 6 6 . 2
20 -  30 21 .57 73.8 2 6 .4 2 0 . 6 7 .4 1 . 2 0 . 0
30 - 40 10.77 2 .4 5 2 .8 9 .0 0 .4 0 . 0 0 . 0
40 -  50 2 .3 3 0 . 0 1 3 .6 0 .4 0 . 0 0 . 0 0 . 0
a /  Annual r e s u l t s  based  on 500 i t e r a t i o n s ,  and summary r e s u l t s  
(1975-1980) b ased  on 3000 o b s e rv a t io n s .
b /  The v a lu e  ra n g e s  f o r  th e se  v a r ia b le s  a re  s ta t e d  a s  they  a r e  as  
a m a tte r  o f  co nven ience  in  t a b u la t io n ,  b u t a re  n o t s ta te d  e x a c t ly .  F o r 
exam ple, p u rc h a se s  a t  5 to  10 m il l io n  cw t. a c tu a l ly  a re  th o se  betw een 
5 . 0 0 0 0 1  and 1 0 . 0  m i l l io n  h u n d red w eig h ts .
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from  11 to  42 p e rc e n t .  In  th e  same p e rio d  th e  p r o b a b i l i ty  o f  s to c k s  
b e in g  l e s s  th an  5 m il l io n  hundredw eight in c re a s e s  from  26 p e rc e n t  
in  1978 to  74 p e rc e n t in  1980. The p r o b a b i l i ty  o f  h o ld in g  more th an  
20 m il l io n  hundredw eigh t o f  s to c k s  i s  80 p e rc e n t in  1975, 85 p e rc e n t 
in  1976, 31 p e rc e n t in  1977 and th e r e a f t e r  i s  z e ro . S to ck s  in  th e  
30 to  40 m il l io n  hundredw eight range have a 14 and 16 p e rc e n t 
p r o b a b i l i t y  in  1975 and 1976, and zero  t h e r e a f t e r .
I t  i s  co n c lu d ed , th e r e f o r e ,  t h a t  th e  r i s k  o f  h o ld in g  q u i te  
u n a c c e p ta b ly  h ig h  le v e ls  o f  s to c k s  (sa y , g r e a te r  th an  30 m i l l io n  
hu n dredw eigh t) in  t h i s  model i s  q u i te  s m a ll, w h ile  th e  r i s k  o f  
ru n n in g  o u t o f s to ck s  i s  h ig h e r  th an  a c c e p ta b le . An a c c e p ta b le  r i s k  
le v e l  f o r  ru n n in g  o u t o f  s to c k s  in  any y e a r i s  s e t  a r b i t r a r i l y  a t  
10 p e rc e n t ,  and o f  h av in g  s to c k s  g re a te r  th an  30 m il l io n  cw t. i s  s e t  
a r b i t r a r i l y  a t  2 0  p e rc e n t in  any y e a r .
The p r o b a b i l i ty  d a ta  from  th e  summary s t a t i s t i c s  1975 to  1980,
i s  o n ly  a c ru d e  gu ide to  th e  p r o b a b i l i t i e s  in  in d iv id u a l  y e a r s
b ecau se  th e r e  i s  much y e a r to  y e a r  v a r i a t io n .  However, l i m i t a t i o n s  
o f  space  w i l l  p rev en t p r e s e n ta t io n  o f y e a r  to  y e a r  p r o b a b i l i t i e s  
w here com parisons o f  a  number o f  models must be made. As an  example 
o f  th e  ex trem e case  o f  th e  summary p r o b a b i l i ty  m is le a d in g  w ith  re g a rd  
to  th e  an n u a l p r o b a b i l i ty  - -  a  p r o b a b i l i ty  o f 1 0 0  p e rc e n t sp re a d  
o v e r a l l  y e a rs  would be re tu rn e d  as a 16.6 p e rc e n t p r o b a b i l i t y  in  
th e  summary d a ta  when th e  r e a l  p r o b a b i l i ty  o f th e  e v en t o c c u r r in g  in
th e  o th e r  5 y e a rs  was 0 p e rc e n t .
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P u rch a se s : P u rch ases  w ere h e a v i ly  c o n c e n tra te d  in  1975 and
were t h e r e a f t e r  ex ceed in g ly  in f r e q u e n t  u n t i l  1979 (Table 6 ) .  In  
1980 th e  need f o r  p u rch ases  began to  be f e l t  ag a in  as  the  c y c le  was 
resum ed. The p r o b a b i l i ty  o f  zero  p u rch ase s  was no t le s s  th an  95 
p e rc e n t in  3 y e a r s ,  was 81 p e rc e n t in  1980, 63 p e rc en t in  1976, b u t 
was l e s s  th a n  1 p e rc e n t in  1975. L arge pu rchases were p ro b ab le  
o n ly  in  1975 when th e re  was a 23 p e rc e n t p r o b a b i l i ty  th a t  th e  
governm ent would have to  make a p u rch ase  o f betw een 20 and 30 
m i l l io n  cw t. o f  r i c e .  In  1980, th e re  was a 9 p e rc e n t chance t h a t  
betw een 5 and 20 m il l io n  cw t. would be pu rch ased .
In  t h i s  m odel, th e n , in f r e q u e n t  la rg e  pu rchases can be 
ex p ec ted  to  be r e q u ire d .
S a l e s : S a le s  o ccu r more f r e q u e n t ly  th an  p u rch ases  and ten d
to  be s m a l le r .  The freq u en cy  o f  s a le s  was 0 in  1975, 17 p e rc e n t in  
1976, and in c re a s e d  o v er tim e to  87 p e rc e n t in  1978 th en  dropped to  
46 p e rc e n t  in  1980 (T ab le  6 ) .  The l a r g e s t  s a le s  t h a t  o ccu rred  
f r e q u e n t ly  w ere in  th e  1 0  to  2 0  m i l l io n  cw t. range and th e  
p r o b a b i l i t i e s  w ere 31, 4 0 , and 16 p e rc e n t  in  1977 th rough  1979 
r e s p e c t iv e ly .  S a le s  in  th e  5 to  10 m i l l io n  cw t. c la s s  were q u i te  
f r e q u e n t ,  a v e rag in g  18 p e rc e n t over a l l  i t e r a t i o n s  and abou t 28 
p e rc e n t  in  1977 th rough  1979. The g r e a te r  freq u en cy  o f s a le s  
compared to  t h a t  o f p u rch ases  in d ic a te s  t h a t  th e  d i s t r i b u t i o n  o f  
p r ic e s  g e n e ra te d  i s  more c o n c e n tra te d  in  the  a re a  o f  th e  upper 
l i m i t  ($ 1 0 .5 0 ) th en  in  th a t  o f th e  low er l im i t  ($ 7 .5 0 ) .
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The S to ck  Management C o s ts : As in d ic a te d  p re v io u s ly , i t  i s
p o s s ib le  f o r  th e  o v er a l l  c o s t  to  th e  government o f managing s to c k s  
by th e  u se  o f  p r ic e  l im i t s  to  be p o s i t iv e  o r  n e g a tiv e . S tocks 
purchased  a t  $7 .50  and so ld  a t  $10.50 p e r  cw t. can show a p r o f i t  
(n e g a tiv e  c o s t )  i f  th e y  a re  n o t h e ld  long  enough to  accum ulate  la rg e  
s to ra g e  and i n t e r e s t  c h a rg e s . The p r o b a b i l i ty  o f  making a  p r o f i t  
(n e g a tiv e  c o s t )  was ze ro  in  1975 and 1976, b u t th e  re s p e c t iv e  
p r o b a b i l i t i e s  from  1977 th rough  1980 w ere 38 , 6 1 , 60 , and 53 
(T able 6 ) .
The freq u en cy  a n a ly s is  o f  summary d a ta  fo r  t h i s  v a r ia b le  
shows q u i te  a ran g e  o f  c o s ts  and " p r o f i t s " .  There was a 1 .3  p e rc e n t 
p r o b a b i l i ty  o f  m aking a  p r o f i t  g r e a te r  th a n  40 m il l io n  d o l la r s  and 
a 2 .3  p e rc e n t p r o b a b i l i ty  o f  in c u r r in g  an n u a l c o s ts  av erag in g  40 
m il l io n  d o l l a r s .  Annual mean v a lu e s  in d ic a te d  p r o f i t s  o f l e s s  th a n  
10 m il l io n  d o l l a r s  in  1978 th rough  1980, h ig h  c o s ts  in  1975 and 1976 
and low c o s ts  ( 6  m i l l io n  d o l la r s )  in  1977. This p a t te r n  i s  c l e a r e r  
in  th e  freq u en cy  ta b le  (T able  6 ) .
In  1975 and 1976, an n u al c o s ts  w ere c o n c e n tra te d  in  th e  20 
to  40 m il l io n  d o l l a r  range and no p r o f i t s  were re c o rd e d ; in  th e  
l a s t  th r e e  y e a rs  p r o f i t s  and lo s s e s  w ere w id e ly  and f a i r l y  ev en ly  
d i s t r ib u te d  o v er a l l  s i z e  c a te g o r ie s  up to  30 m il l io n  d o l la r s  
(a b so lu te  v a lu e ) .  In  th e  l a s t  y e a r ,  how ever, due to  th e  d e p le t io n  
o f s to c k s  th e re  was a  h ig h  p r o b a b i l i ty  o f  making a le s s  th an  2 0  
m ill io n  d o l l a r  p r o f i t  and th e  same p r o b a b i l i ty  o f  in c u r r in g  le s s  
than  10 m il l io n  d o l l a r s  c o s t .  F in a l ly ,  i f  a  low le v e l  o f c o s t  o r  
p r o f i t  i s  c o n s id e re d  d e s i r a b le ,  (say  1 0  m il l io n  d o l la r s  maximum in
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each  c a s e ) ,  then  th e  p r o b a b i l i t i e s  o f  th i s  fo r  th e  p e r io d  1975 
th ro u g h  1980 a re  0 , 0 , 32, 31, 53 , and 74 p e rc e n t ,  r e s p e c t iv e ly  
(T ab le  6 ) .  T his a n a ly s is  o f  th e  c o s t  o f s to ck  management i s  an 
im p o rta n t in p u t in to  th e  e v a lu a tio n  o f  th e  s to ck  management r u le  
th a t  r e q u ir e s  t h a t  s to c k  le v e l s  be a d ju s te d  a t  th e  s p e c i f i c  p r ic e  
l im i t s  u sed  h e re .
Income C om parisons; F ree  M arket and 
R eserve  S tock  Models
I t  was in d ic a te d  p re v io u s ly  in  th e  com parisons o f  o v e r a l l  
means o f th e s e  two models t h a t  th e  f r e e  m arket produced an av erag e  
income t h a t  was 130 m il l io n  d o l l a r s  le s s  th an  th e  av erag e  g ro ss  
income f o r  th e  re s e rv e  s to c k  m odel, and th a t  the  f r e e  m arket income 
was a ls o  much more v a r i a b le .  When compared on an  an n u al b a s i s ,  th e  
p a t t e r n  was n o t so c l e a r .  Average g ro ss  income in  th e  f r e e  m arket 
model was h ig h e r  th an  in  th e  re s e rv e  s to c k  model in  1976 and 1980
(T ab le  7 ) .  I t  was low er in  o th e r  y e a r s ,  e s p e c ia l ly  in  1975.
V a r ia t io n  was g r e a te r  each  y e a r  in  th e  case  o f th e  f r e e  m arket 
m odel.
The p r o b a b i l i ty  t h a t  income would be l e s s  th a n  500 m i l l io n  
d o l l a r s  was ze ro  in  th e  r e s e rv e  s to c k  model, b u t in  th e  f r e e  m arket
th e  o v e r a l l  p r o b a b i l i ty  was 19 p e rc e n t ,  th a t  i s ,  93 p e rc e n t in  1975
and betw een 2 and 7 .4  p e rc e n t o r  an average of 4 .3  p e rc e n t f o r  th e  
o th e r  5 y e a r s .  The p r o b a b i l i ty  o f  a very  h igh  income (betw een 1 .5  
and 2 b i l l i o n  d o l l a r s )  in  th e  r e s e rv e  s to ck  model was 2 .2  p e r c e n t ,  
b u t  i t  was 9 .8  p e rc e n t  in  th e  f r e e  m arket m odel. The p r o b a b i l i ty  
o f  a c h ie v in g  t h i s  le v e l  o f  income in  th e  f r e e  m arket model was 9 .2
T ab le  7 .  The F ree  M arket and F i r s t  R eserve  S to ck  M odels: G ross Income from  R ic e , Means and P e rcen tag e
Frequency D is t r ib u t io n s ,  1975 -  1 9 8 0 ,2 /
Time P e r io d ^Item
1975-80 1975 1976 1977 1978 1979 1980
F ree  M arket Model
G ross Income from  R ice
(m i l l io n  d o l l a r s )
< 500 19.1 9 3 .4 3 .4 7 .4 5 .0 3 .6 2 .0
500 -  1000 29 .2 6 .0 4 6 .4 4 5 .0 32 .6 2 4 .8 2 0 .0
1000 -  1500 4 1 .4 0 .0 4 8 .8 4 5 .2 5 3 .2 5 3 .0 48 .2
1500 -  2000 9 .8 0 .0 1 .4 2 .4 9 .2 18 .2 27.6
> 2000 0 .4 0 .0 0 .0 0 .0 0 .0 0 .0 2 .2
Mean G ross Income 
from  R ice
( m i l l io n  d o l l a r s )
R eserve  S to ck  Model 
G ross Income from  R ice
952.40 208.17 982.25 964.82 1085.08 1180.96 1293.06
( m i l l io n  d o l l a r s )
500 -  1000 3 3 .9 100.0 59 .6 19.2 5 .4 9 .0 10.2
1000 -  1500 6 3 .8 0 .0 4 0 .4 8 0 .8 94.6 8 4 .8 8 2 .2
1500 -  2000 2 .2 0 .0 0 .0 0 .0 0 .0 6 .2 7 .2
> 2000 0 .1 0 .0 0 .0 0 .0 0 .0 0 .0 0 .4
Mean G ross Income 
from  R ice
( m i l l io n  d o l l a r s ) 1082.73 926.01 959.88 1049.12 1107.84 1216.59 1236.94
2 /  P r ic e  l im i t s  w ere $10.50  and $7 .50  i n  th e  c a se  o f  th e  r e s e rv e  s to c k  m odel.
k /  Annual r e s u l t s  based  on 500 i t e r a t i o n s ,  and summary r e s u l t s  1975-1980 based  on 3000 o b se rv a tio n s .
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p e rc e n t  in  1978, 18.2  p e rc e n t in  1979 and 27 .6  p e rc e n t in  1980. In  
b o th  m odels 1980 income had a  s l i g h t  p r o b a b i l i ty  o f  b e in g  l a r g e r  
th a n  2 b i l l i o n  d o l l a r s .
These f ig u r e s  in d ic a te  t h a t  th e  re s e rv e  s to c k  model has 
r e s u l t e d  in  an  annual income f o r  th e  p e r io d  th a t  i s  h ig h e r  and much 
l e s s  v a r i a b le  th a n  th a t  o b ta in a b le  under th e  f r e e  m ark e t. Even i f  
th e  e x tre m e ly  low f r e e  m arket income o f  1975 i s  d is re g a rd e d  as an 
a d ju s tm e n t p e r io d ,  p ro d u ce rs  would be u n l ik e ly  to  exchange th e  
p r o b a b i l i t y  o f  a v e ry  h ig h  income in  th e  l a s t  3 y e a rs  f o r  th e  e v e r  
p r e s e n t ,  though low p r o b a b i l i ty  o f  v e ry  low income betw een 1976 and 
1980.
E v a lu a tio n  o f  th e  R eserve S tock  Model
I t  h as  been  in d ic a te d  p re v io u s ly  t h a t  th e  r e s e rv e  s to c k  
model h a s  a tw o fo ld  pu rpose  o f  s t a b i l i z i n g  p r ic e s  and incomes and o f  
p ro v id in g  p r o te c t io n  a g a in s t  th e  r i s k  o f  i n s u f f i c i e n t  r e s e rv e  s to c k s  
i n  an em ergency s i t u a t i o n .  I t  has a ls o  been  in d ic a te d  p re v io u s ly  
t h a t  th e  d eg ree  o f  su ccess  o f  a re s e rv e  s to c k  model o f  t h i s  n a tu r e  
i s  c r i t i c a l l y  dependent on th e  c h o ic e  o f  p r ic e  l i m i t s .  W ith th e s e  
comments in  mind th e  model w i l l  now be e v a lu a te d .
The l im i t s  chosen  f o r  th e  re s e rv e  s to c k  model ($10w50 and 
$ 7 .5 0 ) w ere  s e le c te d  so t h a t  an e q u il ib r iu m  model would be d ev e lo p e d . 
By t h i s  i s  meant th a t  th e  p r ic e  l im i t s  chosen w ere e q u id i s t a n t  from  
th e  assumed e q u il ib r iu m  o f  $9 .00  p e r  cw t. o f  rough r i c e .  The 
e q u i l ib r iu m  p o in t  o f  9 .0  d o l l a r s ,  how ever, was somewhat a r b i t r a r i l y  
ch o sen  b ecau se  th e  f r e e  m arket model d id  n o t g iv e  a c l e a r  c u t
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in d ic a t io n  o f  th e  e x a c t e q u ilib r iu m  f o r  th e  s ix - y e a r  p e r io d .  The 
q u e s t io n  now i s ,  how w e ll were th e  p r ic e  l im i t s  ch o sen  f o r  th e  two 
p u rp o ses  o f  th e  re s e rv e  s to c k  model. The perfo rm ance o f  th e  model 
w i l l  show t h i s .
P r ic e  and income perform ance was g e n e r a l ly  im proved in  th e  
r e s e r v e  s to c k  m odel. The average  p r ic e  o v e r s ix  y e a r s  f o r  th e  
r e s e r v e  s to c k  was in c re a s e d  over t h a t  o f  th e  f r e e  m arke t m odel, and 
even o v e r t h a t  o f  th e  f iv e  good y ears  o f  th e  f r e e  m arket m odel. 
Income was in c re a s e d  by an  average  130 m il l io n  d o l l a r s .  V a r ia t io n  
o f  b o th  p r ic e  and income was improved g r e a t ly .  However, in  th e  
l a s t  2 y e a rs  income has become more v a r ia b le  (15 p e rc e n t  a p p ro x i­
m a te ly ) th an  th e  av erag e  o f  th e  e a r l i e r  y e a r s ,  and p r ic e  a c tu a l ly  
d ropped in  th e  l a s t  y e a r ,  1980.
The su c c e ss  o f  t h i s  p a r t i c u la r  model w ith  re g a rd  to  i t s  
second pu rpose  was n o t good. There was a h ig h  p r o b a b i l i t y  o f  
ru n n in g  o u t o f  re s e rv e  s to c k s  in  th e  l a s t  th r e e  y e a r s .  The p a t te r n  
o f  s to c k  accu m u la tio n  and d is p o s a l  over tim e  i s  one o f  r a p id  
accu m u la tio n  and r e l a t i v e l y  s low er d i s p e r s a l .  However, th e  upward 
t r e n d  o f  p r ic e  in  l a t e r  y e a rs  to  th e  le v e l  o f  th e  u p p er p r i c e  l i m i t ,  
th e re b y  d e p le t in g  s to c k s  to  th e  danger l e v e l ,  r a i s e s  th e  q u e s t io n  
a s  to  th e  s u i t a b i l i t y  o f  an upper p r ic e  l i m i t  t h a t  s ta y s  c o n s ta n t  
o v e r tim e . I t  a ls o  r a i s e s  th e  q u e s tio n  w hether r e a l  d o l l a r  v a lu e s  
o u g h t to  have been  used  in s te a d  o f nom inal d o l l a r  v a lu e s .
These r e s u l t s  su g g e s t t h a t  o th e r  m odels w ith  d i f f e r e n t  
p r ic e  l im i t s  ough t to  be t e s t e d  and th a t  le a d s  to  th e  n e x t  s e c t io n  
o f  t h i s  c h a p te r .
Two Experim ents w ith  P r ic e  L im its
The F i r s t  E xperim ent: The f i r s t  q u e s t io n  posed h e re  i s  what
im pact i s  made on th e  system  by a l t e r n a t i v e  c e n te re d  o r  e q u il ib r iu m  
s e t s  o f  p r ic e  l im i t s  w ith  d i f f e r e n t  p r ic e  s p re a d s .  In  th e  f i r s t  
ex p e rim en t, M>del A, B, and C have p r ic e  bands o r  sp re ad s  o f  2 , 3 , 
and 4 d o l l a r s ,  r e s p e c t iv e ly ,  and a re  c e n te re d  on th e  e q u il ib r iu m  o f  
p r i c e ,  $9.00 p e r  cw t. o f rough r i c e .  Model B w i l l  be re c o g n ize d  as  
th e  re s e rv e  s to c k  model a lre a d y  d is c u s s e d .
The Second E xperim en t; The second q u e s t io n  posed i s  w hat 
im pact i s  made on th e  system  by a l t e r n a t i v e  n o n -c e n te re d  s e t s  o f  
p r ic e  l i m i t s ,  t h a t  i s ,  s e t s  o f  p r ic e  l im i t s  w ith  e q u a l p r ic e  sp re a d s  
p o s it io n e d  so t h a t  b o th  p r ic e  l im i t s  a re  h ig h  o r  low r e l a t i v e  to  th e  
p o s i t io n  o f  e q u ilib r iu m  p r ic e .  In  th e  second e x p e rim en t, th e  p r ic e  
sp read  o f  b o th  models i s  $ 3 .0 0 , and th e  u p p e r l im i t  o f  Model D and 
th e  low er l im i t  o f  Model E a re  on th e  e q u i l ib iru m  p r ic e  le v e l  o f  
$9 .00  p e r cw t. o f  rough r i c e .
Each ex perim en t w i l l  be d is c u s se d  s e p a r a te ly .  R e s u lts  o f  
b o th  ex p erim en ts  a re  found in  T ables 8 , 9 , and 10. The r e s u l t s  
p re se n te d  f o r  each  model a re  summary r e s u l t s  f o r  th e  p e rio d  1975- 
1980. The r e s u l t s  o f  th e  f r e e  m arket model a r e  in c lu d e d  fo r  
com parison  b ecau se  th e  p r ic e  l im i t s  o f m odels in  each  ex perim en t 
b e a r  a s p e c ia l  r e la t io n s h ip  to  the  f r e e  m arke t e q u i l ib iru m  p r i c e .
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The F i r s t  E xperim ent W ith P r ic e  L im it 
S t r a t e g ie s
A lthough th e  p r ic e  sp read  from model A to  model C in c re a s e s  
by $ 2 .0 0 , 10/8 to  11 /7 , th e  mean v a lu e s  o f  many v a r i a b le s  rem ain 
l a r g e ly  unchanged, r e f l e c t i n g  th e  f a c t  t h a t  th e  p r i c e  l im i t s  o f  
th e s e  models a r e  c e n te re d  on the  e q u ilib r iu m  p r i c e  (T ab le  8 ) .  In  
ac ro ss-m o d e l com parisons th e  fo llo w in g  v a r i a b le s  show o n ly  s l i g h t l y  
d i f f e r e n t  mean v a lu e s :  a re a  p la n te d , p ro d u c tio n , do m estic  and e x p o rt
u s e ,  c a r r y - in ,  c a r r y - o u t ,  p r ic e ,  v a lu e  o f  e x p o r ts  and g ro s s  income 
from  r i c e  p ro d u c tio n . R e s u lts ,  however, d i f f e r  f o r  th e s e  v a r ia b le s  
w ith  re g a rd  to  v a r i a t i o n . As th e  p r ic e  sp re ad  in c r e a s e s ,  v a r i a t io n  
d e c re a se s  f o r  a re a  p la n te d , p ro d u c tio n , c a r r y - i n  and c a r r y - o u t ;  
rem ains unchanged fo r  dom estic  u se  and e x p o r ts ;  and in c re a s e s  
s l i g h t l y  f o r  p r i c e ,  ex p o rt s a le s  and g ro ss  income from  r i c e .  These 
changes in  v a r i a t i o n  a r e ,  however, q u i te  s m a ll .
Im pact on Stock Management: The v a r i a b le s  l i s t e d  above,
how ever, w ith  th e  ex cep tio n  o f p r ic e ,  c a r r y - i n  and c a r r y - o u t  a re  
th o se  l e a s t  a s s o c ia te d  w ith  th e  s to c k  management a c t i v i t y .
M oderate ly  la rg e  a c ro ss  model p e rc en ta g e  d i f f e r e n c e s  o ccu r betw een 
s t a t i s t i c s  o f  th e  fo llo w in g  v a r ia b le s  c lo s e ly  a s s o c ia te d  w ith  th e  
s to c k  management a c t i v i t y :  p u rch ase s , s a l e s ,  m onetary  v a lu e  o f
p u rc h a se s  and s a l e s ;  and th e  a b so lu te  d i f f e r e n c e  i n  c o s t  o f s to c k  
management i s  g r e a t .  The d if f e r e n c e s  show t h a t  th e  ex p ec ted  e f f e c t s  
o f  d e c re a s in g  th e  p r ic e  sp read  from fo u r  to  two d o l l a r s  a c tu a l ly  
o c c u r re d . For exam ple, government c o s t  o f  m anaging s to c k s  w ith  th e  
s m a l le s t  sp read  between p r ic e  l im i t s  was a b o u t d o u b le  t h a t  a s s o c ia te d
T ab le  8. The F i r s t  R eserve S tock  Model E xperim ent U sing Three D if f e r e n t  P r ic e  L im it S t r a t e g ie s :  
Means and C o e f f ic ie n ts  o f  V a r ia t io n  o f  F o u rteen  V a r ia b le s .  1975 -  1 9 8 0 .2 /
S tra te g y  I d e n t i f i c a t i o n  and P r ic e  L im its
V a r ia b le s U nit F b / A :10/8 B :1 0 .5 0 /7 .5 0 C :11/7 F b / A: 10/8  B:10 .5 0 /7 .5 0 C :11/7
A M  0  _ _________ ■ C o effic ien ts ___________•ne auS"
A rea P la n te d 1000 A cres 2362.66 2530.19 2531.65 2533.79 6 .2 9 .1 8 .5 8 .0
P ro d u c tio n m il .  cw t. 118.47 113.85 113.92 114.01 6 .9 9 .6 9 .0 8 .6
D om estic Use m il .  cw t. 4 7 .5 0 47.02 4 7 .0 2 47 .01 7 .2 8 .0 7 .9 7 .8
E x p o rts m i l . cw t. 70.48 68 .5 0 68.56 68.44 8 .8 7 .5 7 .5 7 .5
C a r ry -m m i l . cw t. ------ 14.41 14.60 14.84 ---- 71 .7 6 4 .0 55 .8
C a rry -o u t m il .  cw t. ------ 13 .54 13.78 14.21 ---- 8 2 .4 74 .0 63 .5
P u rch ases m il .  cw t. 3 .67 3 .22 2 .8 4 ---- 18 9 .0 201.0 212.7
S a le s m i l . cw t. ------ 4 .5 4 4 .0 5 3.47 ---- 133 .4 136.0 143.8
P r ic e d o l. /c w t. 8 .18 9 .59 9 .58 9 .62 5 0 ,4 16 .0 17.2 19.5
E x p o rt o f  S a le s m il .  d o l . 560 .02 657.18 658.18 659.81 47 .3 18 .5 19.8 21.7
V alue o f  
P u rch ases m il .  d o l . 2 9 .3 4 24.16 19.92 « — w 189.0 201.0 212.7
V alue o f  
S a le s m il .  d o l . . . . 4 5 .3 9 42 .5 0 38.20 133.4 136.0 143.8
G ross Income 
from  R ice m il .  d o l . 952.39 1084.98 1082.73 1087.02 4 8 .7 15 .5 15.5 17.2
S to ck  
Management 
C o st (G ain) m il .  d o l . ---- 11.01 7 .70 5 .85 ----- 160.1 263.0 387.3
^/Summary r e s u l t s  fo r  th e  p e r io d  1975-80 a re  based  on 3000 o b se rv a tio n s , t h a t  i s  500 i t e r a t i o n s  p e r  
— y e a r  f o r  s i x  y e a r s .
b /F  r e p r e s e n ts  F ree  M arket, and p r ic e  l im i t s  a re  d o l l a r  v a lu e s  p e r  hundredw eigh t o f  rough r i c e .
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w ith  the  l a r g e s t  p r ic e  s p re a d , 11.01 and 5 .8 5  m i l l io n  d o l l a r s ,  
r e s p e c t iv e ly  (T ab le  8 ) .  T h is h ig h er-g o v ern m en t c o s t ,  a s s o c ia te d  
w ith  the s m a lle r  p r ic e  s p re a d , i s  r e f l e c t e d  in  th e  h ig h e r  
a s s o c ia te d  p h y s ic a l  q u a n t i t i e s  and v a lu e s  o f  s a le s  and p u rc h a se s .
The a c tu a l  le v e l  o f  s to c k s  h e ld  ( c a r r y - o u t ) ,  how ever, i s  a lm o st the  
same i r r e s p e c t iv e  o f  th e  s i z e  o f  th e  sp read  betw een p r ic e  l i m i t s .
The h ig h e r  amount o f  governm ent c o s t  and th e  more f re q u e n t 
o ccu rren ce  o f p u rc h a se s  and s a le s  a s s o c ia te d  w ith  th e  narrow er p r ic e  
sp read  do n o t y i e ld  w o rth w h ile  improvement in  th e  l e v e l  o r  d is p e r s io n  
o f  in c o m e  and a c tu a l ly  doub le  th e  p r o b a b i l i ty  o f  ru n n in g  o u t o f  
s to c k s  (T able  8 and T ab le  1 0 ). In  o th e r  w ords, d e c re a s in g  th e  p r ic e  
sp read  by two d o l l a r s  in c u rre d  ab o u t 5 m i l l io n  d o l l a r s  e x t r a  c o s t  
o f management to  o b ta in  f o r  income a s l i g h t  d e c re a se  in  i t s  mean 
and a s l i g h t  im provem ent in  i t s  c o e f f i c i e n t  o f  v a r i a t i o n ,  17 .2  to  
15.5 (T able 8 ) ;  a t  th e  same tim e th e r e  was an in c re a s e d  p r o b a b i l i ty  
o f ru nn ing  o u t o f  s to c k s  from  8 .6  to  18 .9  p e rc e n t (T ab le  8 and 
T ab le  10, r e s p e c t iv e ly ) .
The p e rc e n ta g e  freq u en cy  d i s t r i b u t i o n s  r e l a t i n g  to  c a r r y - o u t ,  
s a l e s ,  and p u rch ase s  g iv en  in  T able  10 h e lp  to  g iv e  a more com plete 
p ic tu re  o f  s to c k  management. For exam ple, n o t o n ly  i s  th e  s m a lle r  
p r ic e  sp read  a s s o c ia te d  w ith  th e  in c re a s e d  p r o b a b i l i ty  o f  z e ro  
s to ck s  (8 .6  to  18 .9  p e rc e n t) ,  i t  a ls o  i s  a s s o c ia te d  w ith  a g r e a t ly  
in c re a se d  t h r e a t  o f  h av in g  a  v e ry  la rg e  s to c k  (0 to  35 p e r c e n t) .
The c o s t  o f  s to c k  management w hich in c re a s e d  a s  th e  sp read  
betw een p r ic e  l im i t s  was d e c rea se d  becam e, how ever, ab o u t two and 
one h a lf  tim es l e s s  v a r i a b le  though s t i l l  q u i te  v a r i a b l e ,  160.1
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p e rc e n t (T able 8 ) .  The p r o b a b i l i ty  o f  making a  v e ry  la rg e  p r o f i t  
o r  in c u r r in g  a very  la rg e  c o s t  o f  s to c k  management d ec rea sed  w ith  
d e c re a se  in  p r ic e  sp re a d , from 14 .8  to  2 .5  p e rc e n t ,  and in c re a s e d  
s l i g h t l y  from 32 .5  to  3 7 .1  p e r c e n t ,  r e s p e c t iv e ly  (T ab le  1 0 ).
As th e  sp read  betw een p r ic e  l i m i t s  in c re a s e d ,  few er s a le s  
and pu rchases o ccu rred  and th e y  w ere s m a lle r  in  s i z e ,  b u t s a le s  
w ere alw ays la r g e r  and more f r e q u e n t  th a n  p u rc h a se s . The r e s u l t  i s  
th e  p re v io u s ly  m entioned ten d en cy  to  d e p le te  s to c k s  w here th e  
l a r g e s t  sp read  occu rs  betw een c e n te re d  p r ic e  l im i t s  (T able  8 and 
T ab le  1 0 ).
Comparison w ith  F ree  M arket R e s u l t s ; Model B, th e  f i r s t  
re s e rv e  s to c k  model p re s e n te d , and th e  f r e e  m arket model have been  
compared e a r l i e r  in  t h i s  c h a p te r .  Models A and C have r e s u l t s  t h a t  
a r e  q u i te  s im ila r  to  B; t h e r e f o r e ,  no f u r th e r  e la b o r a t io n  i s  
n e c e s sa ry . The com parison , in  b r i e f ,  shows th a t  r e l a t i v e  to  th e  
f r e e  m arket r e s u l t s  a re a  p la n te d  and p ro d u c tio n  d e c l in e  and become 
more v a r ia b le ,  e x p o rts  d e c l in e  and become le s s  v a r i a b l e ,  dom estic  
comsumption rem ains unchanged and s t a b l e ,  b u t p r i c e ,  e x p o r t  s a l e s ,  
and g ro ss  income from r i c e  in c re a s e  and become much l e s s  v a r i a b l e .  
In  t h i s  way, th e  consumer and im p o r te r  o f  U. S. r i c e  pay more p e r  
pound f o r  le s s  r i c e ,  b u t  b o th  q u a n t i ty  and p r ic e  a re  more s t a b l e ,  
and th e  p roducer has ach iev ed  s t a b i l i t y ,  and 100 thousand  a c re s  o f  
r i c e  land  may be re le a s e d  from  r i c e  p ro d u c tio n  f o r  o th e r  p u rp o se s .
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The Second Experim ent w ith  P r ic e  L im it 
S t r a te g ie s
In  Model E , w here th e  p r ic e  l im i t s  a r e  s e t  h ig h  r e l a t i v e  to  
th e  e q u il ib r iu m  p r ic e  l e v e l ,  th e  mean v a lu e s  f o r  such p h y s ic a l  
q u a n t i t i e s  as a re a  p la n te d , p ro d u c tio n , dom estic  u se  and e x p o rts  
a r e  l e s s  than  th o se  in  Model 0 , w here th e  p r i c e  l im i t s  a re  s e t  low 
r e l a t i v e  to  th e  e q u il ib r iu m  p r ic e  le v e l  (T ab le  9 ) .  V a r ia t io n  o f  
th e s e  v a r ia b le s  rem ains unchanged o r  in c re a s e s  s l i g h t l y .  In  Model 
E , mean v a lu e s  f o r  p r ic e  and r e l a t e d  v a r ia b le s  such  a s  e x p o rt s a le s  
and income a re  g r e a te r ,  b u t  s to c k  r e l a t e d  v a r ia b le s  such  as  c a r r y ­
o u t ,  p u rch ases  and s a l e s ,  and c o s t  o f  s to c k  management in  Model E 
a re  h ig h e r .  V a r ia t io n  i s  l e s s  in  Model D (T ab le  9 ) .
In  summary, th e n , r a i s in g  th e  p r ic e  l im i t s  h ig h e r  th an  
e q u i l ib r iu m  from low er th an  e q u i l ib r iu m  has o p p o s ite  e f f e c t s  on two 
g roups o f  v a r ia b le s ;  mean i s  in c re a s e d  and v a r i a t i o n  d ec rea sed  in  
th e  c a se  o f p r ic e  r e l a t e d  and s to c k  r e l a t e d  v a r i a b l e s .  In  th e  s to c k  
management a c t i v i t y ,  s a le s  and p u rc h a se s  in  Model E a re  g r e a te r ,  much 
more ev en ly  matched th an  in  Model D, and , a lth o u g h  s a le s  a re  e q u a lly  
f r e q u e n t  in  b o th  m odels p u rch ase s  in  Model E i s  tw ice  th e  av erage  
o f  t h a t  in  Model D and much l e s s  l i k e l y  to  be l e s s  th a n  1 m il l io n  
hundredw eigh ts  (1 3 .4  v s . 61 .7  p e r c e n t ) .
Model D, w ith  i t s  upper p r ic e  l i m i t  p la c e d  $3 .00  below th a t  
o f  Model E may be ex p ec ted  to  r e c o rd  more f r e q u e n t  and l a r g e r  s a le s  
th a n  Model E. S a le s  f o r  Model D a c tu a l ly  w ere  s m a lle r  and le s s  
f r e q u e n t  than  in  Model E , and t h i s  i s  e x p la in e d  by th e  v e ry  h ig h  
freq u e n cy  (29 p e rc e n t p r o b a b i l i ty )  o f  th e  o c cu rren c e  o f  zero  c a r r y o u t
T ab le  9. The Second R eserve S to ck  Model E xperim ent U sing Two D i f f e r e n t  P r ic e  L im it S t r a t e g ie s :  
Means and C o e f f ic ie n ts  o f  V a r ia t io n  o f  F o u r te e n  V a r ia b le s ,  1975 -  1980.fi/
V a r ia b le s U n it
— S tr a te a v  I d e n t i f i c a t i o n  and P r ic e L im its— -----— -----
F b / D: 9 /6 E : 12 /9 F b / D: 9/6 E :1 2 /9
C o e f f ic ie n t s  o f  V a r ia t io n
A rea P la n te d 1000 a c r e s 2632.66 2579.48 2481.33 6 .2 8 .6 8 .7
P ro d u c tio n m il .  cw t. 118.47 116.07 111.65 6 .9 9 .1 9 .1
D om estic Use m i l .  cw t. 4 7 .5 0 47 .38 46 .59 7 .1 7 .8 7 .9
E x p o rts m i l .  cw t. 70 .48 70 .40 66 .17 8 .8 7 .0 8 .1
C a r ry - in m i l .  cw t. ------- 10 .28 19.67 ------- 81 .2 51 .5
C arry -o u t m il .  cw t. ------- 9 .18 19 .54 98 .7 53 .6
P urch ases m i l .  cw t. ------- 2 .47 4 .1 2 214.9 187.7
S a le s m i l .  cw t. ------- 3 .57 4 .2 5 ------- 145.0 134.7
P r ic e d o l . / c w t . 8 .1 8 8 .53 10.85 5 0 .4 24 .5 13.3
E x p o rt S a le s m i l .  d o l . 560 .02 600.41 720.41 4 7 .3 24 .7 17.6
V alue o f  P urchases m il ,  d o l . ------- 14 .80 37 .09 214.9 187.7
V alue o f  S a le s m i l .  d o l . ------- 32 .10 51 .0 4 148.0 134.7
G ross Income 
from  R ice m il .  d o l . 952 .39 982.48 1202.33 4 8 .7  2 3 .4 11 .1
S to ck  Management 
C ost (G ain) m i l .  d o l . ------- 1 .71 17.03 ------  1008.0 129.6
a/Summary r e s u l t s  f o r  th e  p e r io d  1975-80 a re  based  on 3000 o b s e r v a t io n s ,  t h a t  i s  500 
i t e r a t i o n s  p e r  y e a r  f o r .  s ix  y e a r s .
b /F  r e p r e s e n ts  F ree  M arket, and p r ic e  l im i t s  a re  d o l l a r  v a lu e s  p e r  hundredw eigh t o f  rough r i c e .
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(T able  9 and Table 1 0 ) . A le v e l  o f s a le s  th a t  i s  a d eq u a te  to  
red u ce  p r ic e s  to  th e  u p p e r p r ic e  l im i t  can be a ch ie v e d  o n ly  by 
hav in g  an adequate  q u a n t i ty  o f r i c e  in  s to ra g e . The d a ta  in d ic a te s  
t h a t  s to c k s  w ere o f te n  (29 p e rc e n t p ro b a b i l i ty )  i n s u f f i c i e n t  to  
red u ce  p r ic e s  to  th e  l e v e l  o f th e  upper p r ic e  l i m i t  (T ab le  1 0 ).
Model E shows a v e ry  low p r o b a b i l i ty  o f z e ro  l e v e l  o f  
c a r ry -o u t  (3 .7  p e rc e n t)  and a low p r o b a b i l i ty  (2 .7  p e rc e n t)  o f  
p r ic e s  b e in g  above th e  u p p e r l im i t  o f  $11. S to c k s , th e n  w ere 
u s u a l ly  ad eq u a te  fo r  p r i c e  s t a b i l i z a t i o n  w ith in  th e  l i m i t s  t h a t  
w ere s e t  h ig h  r e l a t i v e  to  the  e q u il ib r iu m  p r ic e .  The e x p ec te d  need 
f o r  s to c k s  f o r  com plete p r ic e  s t a b i l i z a t i o n  in  t h i s  model w ould , of 
c o u rs e , be le s s  th an  th e  need f o r  s to c k s  a t  the  low er p r ic e  le v e l  
becau se  a s m a lle r  p o r t io n  o f th e  f r e e  m arket p r i c e  d i s t r i b u t i o n  
te n d s  to  be above a h ig h e r  than  above a low er p r ic e  l i m i t .
A Comparison o f  th e  R e s u lts  o f th e  Two 
Experim ents
The r e s u l t s  o f  th e  n o n -e q u ilib iru m  Models (D and E) a r e  now 
compared w ith  th e  e q u il ib r iu m  Models (A, B, and C ), e s p e c i a l l y  B 
w hich has th e  same sp re ad  between p r ic e  l im i t s  a s  M odels D and E.
In  Model D, w ith  p r ic e  l im i t s  s e t  low in  r e l a t i o n  to  th e  e q u il ib r iu m  
le v e l ,  p r ic e  and r e l a t e d  v a r ia b le s  such as  income and v a lu e  o f  
e x p o rts  a re  much low er, and p ro d u c tio n  i s  g r e a te r  th a n  in  th e  
e q u il ib r iu m  M odels. The o p p o s ite  i s  t ru e  fo r  Model E . F i n a l l y ,  i t  
i s  c l e a r  t h a t  th e  low er c o s t  o f  s to ck  management, a s s o c ia te d  w ith  
th e  low p r ic e  l im i t s  o f Model D, r e s u l t s  in  a l e v e l  o f  p r o te c t io n
88
T able  10. Com parison o f  R e s u lts  from th e  Two R eserve S to ck  Model
E xperim ents w ith  Those o f th e  F ree M arket S im u la tio n : .
Frequency D is t r ib u t io n s  o f  S e le c te d  V a r ia b le s .  1975-80 .—
Item s and U n its — I d e n t i f i c a t i o n  o f P r ic e  L im it
S tr a te g y —^ --------
F A B C D E
S a le s  = 0 m  m t 51.3 5 0 .3 46 .9 4 8 .2 50 .0
P u rch ases  = 0 30.6 27 .4 24.6 2 3 .9 30 .9
C a rry -o u t
(m il . c w t.)  
0 18 .9 12 .2 8 .6 2 8 .9 3 .7
<1 ---------- 21 .0 14 .6 20 .0 32 .8 9 .7
1-20 ---------- 4 3 .9 52 .5 76.8 50 .6 72 .4
>20 34.5 5 .1 0 .0 1 .0 1 .0
S to ck  Management 
C ost o r  G ain 
(m il . d o l . )
G ain  ^  20 _ _  _ _ 2 .5 10 .4 14.8 11 .4 6 .3
G ain  -  0 34 .3 35.6 33 .0 4 9 .4 22 .1
C o st ^  0 65 .7 6 4 .4 6 7 .0 50 .6 77 .9
C ost ^ 20 ---------- 37.1 34 .7 32 .5 1 5 .0 64 .6
G ross Income 
from  R ice 
(m il .  d o l . )
< 500 19 .1 0 .0 0 .0 0 .0 0 .0 0 .0
500-1000 29.2 33 .2 33 .9 33 .4 6 5 .1 4 .1
1000-1500 4 1 .4 6 3 .0 6 3 .8 6 5 .0 3 1 .2 94 .6
1500-2000 10.2 3 .8 2 .3 4 .5 3 .8 1 .3
P r ic e  above the
Upper L im it - ——- 16 .4 22 .9 12.1 13 .8 2 .7
a /S e e  ta b le s  8 and 9 , and te x t  fo r  a  d e s c r ip t io n  o f  th e  two 
re s e rv e  s to c k  model ex p e rim en ts .
b /F  r e p r e s e n ts  th e  f r e e  m ark e t, and the  p r ic e  l i m i t s  in  d o l l a r s  
p e r  hundredw eight fo r  th e  s t r a t e g i e s  A th rough  F r e s p e c t iv e ly  
a re  1 0 /8 , 1 0 .5 0 /7 .5 0 , 1 1 /7 , 9 /6 , and 1 2 /9 .
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from  t o t a l  d e p le t io n  o f s to c k s  th a t  i s  much p o o re r  th a n  e i t h e r  th e  
e q u il ib r iu m  Models o r  Model E.
An Experim ent w ith  A l te r n a t iv e  I n i t i a l  
C a rry -In  L evels
Three d i f f e r e n t  le v e l s  o f  c a r r y - in  w ere u sed  w ith  two 
d i f f e r e n t  p r ic e  l im i t  s t r a t e g i e s  to  de te rm in e  w hat im pact 
a l t e r n a t i v e  c a r r y - in  le v e l s  o f  r i c e  had on th e  system . The s ix  
r e s u l t i n g  s i t u a t i o n s .  1 th ro u g h  6 . id e n t i f i e d  in  fo o tn o te  "a"
T ab le  11 . w ere formed by com bining i n i t i a l  c a r r y - in  le v e l s  o f  8 , 30, 
and 50 m il l io n  hundredw eigh ts w ith  th e  f i r s t  s e t  o f  p r ic e  l im i t s  
($9 .50  and $6 .50) and a ls o  w ith  th e  second s e t  o f  p r ic e  l im i t s  
($10 .50  and $ 7 .5 0 ) . Summary r e s u l t s  a re  p re s e n te d  in  T ab le  11 and 
T ab le  12, and annual r e s u l t s ,  w hich in  t h i s  c a se  in c lu d e  freq u en cy  
d i s t r i b u t i o n s ,  a re  p re se n te d  in  T able 13 and T ab le  14.
The r e s u l t s  show th a t  w ith  b o th  p r ic e  l i m i t  s t r a t e g i e s  
h ig h e r  i n i t i a l  c a r r y - in  i s  a s s o c ia te d  w ith  h ig h e r  av e rag e  p r ic e  and 
red u ced  c o s t  o f  s to c k  management - -  a c tu a l ly  a p r o f i t  in  th r e e  
s i t u a t i o n s  (T able 11 and Table 1 2 ).
T here i s  no c l e a r  tre n d  in  th e  r e s u l t s  f o r  av erag e  incom e. 
However, income v a r i a t io n  i s  g r e a te r  w ith  a g r e a te r  i n i t i a l  c a r r y - i n ,  
and th e  h ig h e r  v a r i a t io n  i s  a s s o c ia te d  w ith  th e  low er p r ic e  l im i t  
s t r a t e g y  even though b o th  p r ic e  sp read s  a r e  e q u a l.
A h ig h e r  i n i t i a l  l e v e l  o f c a r r y - in  i s  a s s o c ia te d  w ith  a 
g r e a te r  p r o b a b i l i ty  o f  d e p le t in g  r e s e r v e s .  For exam ple, w ith  p r ic e  
l im i t s  a t  $10.50 and $ 7 .5 0 , in c re a s in g  c a r r y - in  from  8 to  30 m il l io n  
h u n d red -w eig h ts  in c re a se d  th e  p r o b a b i l i ty  o f  d e p le t in g  r e s e rv e s  from
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12 to  36 p e rc e n t on a summary o f  6 y e a rs  b a s is  (Table 13 and T ab le  
1 4 ).
In c re a s in g  i n i t i a l  c a r r y - in  le d  to  an in c re a se d  average  
le v e l  o f  c a r r y - i n ,  b u t i t s  e f f e c t  on c a r r v - o u t  d i f f e r e d ,  depending 
on th e  p a r t i c u l a r  s e t  o f  p r ic e  l im i t s  in  q u e s tio n . In  s i t u a t io n s  
4 , 5 , and 6 , a s s o c ia te d  w ith  th e  h ig h e r  s e t  o f  p r ic e  l im i t s ,  
in c re a s in g  i n i t i a l  c a r r y - in  le d  to  a  d e c re a se d , b u t more v a r i a b le ,  
l e v e l  o f  c a r r y - o u t .  However, in  s i t u a t i o n s  1, 2 , and 3 as i n i t i a l  
c a r r y - in  was in c re a se d  to  30 m il l io n  hundredw eigh ts th e  average  
c a r r y - o u t  d e c re a se d  from  10.58 to  9 .7 8  m il l io n  hundredw eigh ts, b u t 
from  s i t u a t i o n  2 to  3 th e  added 20 m i l l io n  hundredw eights o f i n i t i a l  
c a r r y - in  le v e l  caused  th e  av erag e  c a r r y - o u t  to  in c re a se  to  1 0 .3 6 , 
a lm o s t th e  le v e l  a s s o c ia te d  w ith  th e  lo w est le v e l  o f i n i t i a l  c a r r y -  
i n .  C a r ry -o u t in  s i t u a t io n s  2 and 3 was more v a r ia b le  th an  in  
s i t u a t i o n  1 (T able  11 and T able  1 2 ).
I t  may now be seen  th a t  n o t o n ly  i s  a  g r e a te r  i n i t i a l  c a r r y -  
in  l e v e l  a s s o c ia te d  w ith  a h ig h e r  p r i c e ,  b u t i t  a ls o  seems to  be 
a s s o c ia te d  w ith  a  h ig h e r  av erag e  c a r r y - in  le v e l  and to  some e x te n t ,  
a t  l e a s t ,  w ith  a low er c a r r y - o u t  l e v e l .  In  a l l  c a se s  th e  h ig h e r  
p r ic e  i s  a s s o c ia te d  w ith  a g r e a te r  v a r i a t i o n  in  s to c k s . Some o f  
th e s e  r e s u l t s  a g re e  and o th e rs  d is a g re e  w ith  th e  co n v en tio n a l wisdom 
t h a t  h o ld s  t h a t  la rg e  s to c k s  d e p re ss  m arket p r ic e .  T his w i l l  be 
e x p lo re d  f u r th e r  when an n u al r e s u l t s  a r e  p re se n te d .
The d i r e c t io n  o f  income change in  re sp o n se  to  change in  
i n i t i a l  c a r r y - in  d i f f e r s  from th a t  o f  p r ic e .  A lthough p r ic e  
in c re a s e s  a s  i n i t i a l  c a r r y - in  le v e l  in c r e a s e s ,  income d e c re a se s  in
T ab le  11. A l te rn a t iv e  I n i t i a l  R eserve  S to ck  L ev e ls  Experim ent: Mean V a lu e s . 1975 -  1980,2 / l i /
V a r ia b le s U nit
9%/6%
i i i i i i i i i s? F> O fl> L im its
10%/7%
8 30 50 8 30 50
A rea p la n te d 1000 a c re s 2563.93 2466.80 2363.33 2531.65 2439.91 2344.83
P ro d u c tio n m il .  cw t. 115.37 111.02 106.39 113.92 109.81 105.55
D om estic Use m il .  cw t. 47 .27 47 .15 46 .95 47 .02 46 .94 46 .78
E x p o rts m il .  cw t. 69 .83 68 .79 65 .8 4 68 .56 67.97 65 .08
C a r ry - in m il .  cw t. 11.62 14 .40 18.23 14 .60 16.82 19.96
C a rry -o u t m il . cw t. 10.58 9 .78 10.36 13 .78 12.45 12.43
P u rch ases m il .  cw t. 2 .71 0 .7 0 0 .6 8 3 .22 0.87 0 .92
S a le s m il . cw t. 3 .75 5 .3 2 8 .5 5 4 .05 5 .25 8 .44
P r ic e d o l . /c w t . 8 .86 9 .19 9 .79 9 .5 8 9 .82 10.29
E x p o rt S a le s m il .  d o l . 619 .02 629.98 635.53 658 .18 666.39 662.60
V alue o f  P u rchases m il . d o l . 17.59 4 .5 3 4 .4 3 24.16 6 .54 6.87
V alue o f  S a le s m il . d o l . 35 .63 50.50 81 .22 42 .50 55.13 88.70
G ross Income 
from  R ice m il .  d o l . 1013.90 1011.88 1021.04 1082.73 1069.76 1067.75
S tock  Management 
C ost (G ain) m il .  d o l . 3 .36 (0 .0 5 ) (6 .8 2 ) 7 .70 4 .7 0 (2 .7 3 )
a/Colum ns 1 th rough  6 a re  r e f e r r e d  to  i n  th e  t e x t  a s  s i t u a t i o n s  1-6  r e s p e c t iv e ly .  
b /R e s u l ts  based  on 3000 o b s e r v a t io n s ,  t h a t  i s ,  500 i t e r a t i o n s  p e r  y e a r  f o r  th e  
s i x  y e a r s ,  1975-80.
T able  12. A l te r n a t iv e  R eserve S tock  L ev e ls  E xperim en t: C o e f f ic ie n t s  o f  V a r ia t io n  o f  F o u rteen
V a r ia b le s ,  1975 -  1 9 8 0 . a / b / c /
9%/6%
■Price L im its '
10h / l h
V a ria b le s 8 30 50
R eserve  o to c r —  
8 30 50
A rea p la n te d 8 .6 12.2 18 .0 8 .5 11.5 17.8
P ro d u c tio n 9 .1 12 .7 18 .5 9 .0 12 .1 18 .3
D om estic Use 7 .8 8 .4 9 .0 7 .9 8 .4 9 .0
E x p o rts 7 .1 8 .9 1 5 .0 7 .5 8 .8 15 .0
C a r ry - in 74 .8 91 .0 111.7 6 4 .0 73 .8 101.8
C arry -o u t 89 .8 119.0 145.3 7 4 .0 94 .2 1216.7
P urchases 210.3 316 .0 340.6 201 .0 281.1 306.3
S a le s 140 .4 130 .0 119.6 136.0 120.8 115.8
P r ic e 21 .7 20 .6 23 .7 17 .2 15 .7 18.1
E x p o rt S a le s 2 3 .0 20.6 22 .7 1 9 .8 17 .4 19 .1
V alue o f  P urchases 210.3 316 .0 340.6 201 .0 281.1 306.3
V alue o f  S a le s 140.4 130.0 119.6 136.0 120.8 115.8
G ross Income 
from  R ice 2 0 .0 2 1 .0 23 .1 15 .5 16 .2 18.8
S to ck  Management 
C ost (G ain) 7 1 .1 9999.9 403 .2 263 .0 490 .0 1063.5
a/Columns 1 th rough  6 a re  r e f e r r e d  to  in  th e  t e x t  a s  s i t u a t i o n s  1-6 r e s p e c t iv e ly .  Note t h a t  th e  
d i f f e r e n c e  betw een upper and low er p r ic e  l im i t s  i s  c o n s ta n t .  
b /R e s u l ts  based  on 3000 o b s e r v a t io n s ,  t h a t  i s  500 i t e r a t i o n s  p e r  y e a r  f o r  s ix  y e a r s ,  1975-80. 
c /U n its  a r e  p e rc e n ta g e s .
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th e  c a se  o f  th e  s i t u a t i o n s  4 th rough  6 a s s o c ia te d  w ith  one s e t  o f  
p r ic e  l im i t s ,  b u t in c o n s i s t e n t  r e s u l t s  a re  o b ta in e d  in  th e  c a se  o f  
th e  s i tu a t io n s  1 th ro u g h  3 , a s s o c ia te d  w ith  the  p r ic e  l im i t s  $9.50 
and $6 .50 . The income le v e l  a s s o c ia te d  w ith  an i n i t i a l  c a r r y - in  
le v e l  o f  50 m i l l io n  h u n d red w eig h ts , namely s i t u a t i o n  3 , was 1,021 
m il l io n  d o l la r s  and t h a t  was in c o n s i s te n t  w ith  th e  t re n d  observed 
th rough income in  th e  o th e r  s i t u a t i o n s .
In c re a s in g  i n i t i a l  c a r r y - in  l e v e l s  cau ses  an  in c re a s e  in  
v a r ia t io n  in  most v a r i a b l e s ,  w ith  th e  fo llo w in g  e x c e p tio n s .
V a r ia tio n  d e c re a se s  in  th e  c a se  o f  s a le s  and v a lu e  o f  s a l e s ,  i s  
in c o n s i s te n t  in  th e  c a s e  o f  p r ic e  and e x p o r t s a le s  and in  th e  case  
o f  s to ck  management c o s t .  In  most c a s e s  o f  in c o n s i s te n t  v a r ia t io n  
a c ro ss  s i t u a t io n s  a s s o c ia te d  w ith  a  g iv en  s e t  o f  p r i c e  l im i t s ,  
how ever, th e  f ig u r e s  a s s o c ia te d  w ith  30 m il l io n  and 50 m il l io n  
hundredw eigh ts, a re . u s u a l ly  l e s s  and g r e a te r ,  r e s p e c t iv e ly ,  than  
th ose  a s s o c ia te d  w ith  8 m i l l io n  hu n d red w eig h ts. T h is  su g g es ts  a 
need f o r  f u r th e r  e x am in a tio n  o f  many i n i t i a l  c a r r y - i n  le v e ls  between 
0 and 50 m illio n - h u n d red w eig h ts .
I f  th e  i n i t i a l  c a r r y - in  le v e l  (IC I) i s  re g a rd e d  as a t a r g e t  
l e v e l ,  th en  th e  g r e a t e r  th e  t a r g e t  l e v e l ,  th e  low er th e  p ro b a b i l i ty  
o f  m a in ta in in g  i t  in  any  y e a r ;  and th e  sooner would th e  s to c k  f a l l  
below ta r g e t  l e v e l .  The p r o b a b i l i ty  f ig u r e s  to  su p p o rt th i s  s t a t e ­
ment (T able 13 and T ab le  14) have a common s e t  o f  p r ic e  l im i t s ,  b u t 
d i f f e r e n t  i n i t i a l  ( t a r g e t )  s to c k  le v e ls  o f  8 and 30 m il l io n  hundred­
w e ig h ts , r e s p e c t iv e ly .
Time P a th s  o f S e le c te d  V a r ia b le s  in  Two 
S i tu a t io n s  Compared
The p a th s  tra c e d  by th e  an n u a l v a lu e  o f each s e le c te d  
v a r ia b le  from 1975 th rough  1980 f o r  s i t u a t i o n s  4 and 5 , i d e n t i f i e d  
in  fo o tn o te  "a"  o f Table 11, a re  shown in  T able 14. The ta b le  a ls o  
in c lu d e s  p e rc e n t p r o b a b i l i ty  f ig u r e s  f o r  c e r t a i n  e v en ts  a s s o c ia te d  
w ith  s e le c te d  v a r ia b le s .
As in d ic a te d  p re v io u s ly , one pu rp o se  o f  T ab les  13 and 14 is  
to  make i t  p o s s ib le  to  examine in  g r e a t e r  d ep th  (by means o f  annual 
mean v a lu e s  and frequency  d i s t r i b u t i o n s )  th e  way in  w hich i n i t i a l  
c a r r y - in  was a s s o c ia te d  w ith  o v e r a l l  a v e rag e  p r ic e ,  w ith  o v e ra l l  
a v e rag e  c a r r y - in ,  and w ith  o v e r a l l  c a r r y - o u t .  The t a b le s  a l s o  a llow  
th e  e f f e c t s  o f two d i f f e r e n t  i n i t i a l  c a r r y - i n  le v e l s  on th e  system  
to  be tra c e d  from 1975 th rough  1980.
The mean le v e l  o f a re a  p la n te d  i s  a lm o st one hundred 
thousand  a c re s  le s s  f o r  th e  o v e r a l l  tim e  p e r io d  in  s i t u a t i o n  5 than  
i t  i s  in  s i t u a t io n  4 (Table 1 1 ). The v e ry  h ig h  i n i t i a l  le v e l  o f  
c a r r y - in  in  s i t u a t io n  5 d ep re ssed  a re a  p la n te d  so t h a t  i t  was th re e  
hundred  and f i f t y  thousand a c re s  l e s s  in  each  o f  th e  f i r s t  two 
y e a r s  than  th e  a re a  p la n te d  in  s i t u a t i o n  4 in  th e  same y e a r s .  In  
th e  l a s t  th re e  y e a r s ,  however, a re a  p la n te d  in  s i t u a t i o n  5 was 50 to  
100 thousand a c re s  la r g e r  th a n  in  s i t u a t i o n  4 ,  b u t t h i s  was 
i n s u f f i c i e n t  to  b a lan ce  th e  g r e a t ly  red u ced  a c re a g e s  o f  the  e a r l i e r  
y e a r s .
Average p r ic e  fo r  th e  o v e r a l l  p e r io d  was s l i g h t l y  h ig h e r  in  
s i t u a t i o n  5 than  in  s i t u a t io n  4 . In  b o th  s i t u a t io n s  p r ic e  in  1975
Table 13. A Reserve Stock Model with the First Alternative Initial Level of Carry-in (8 million
hundredweight). Means and Percentage Frequencies. 1975 - 1980.2/
----------------------------------------------- Time P e rio d ------------------------------------------------
Item  U nit
1975-80 1975 1976 1977 1978 1979 1980
M eans:
A rea p lan ted 1000 A cres 2531.65 2752.63
P ro d u c tio n m i l . cw t. 113.92 123.47
C a r ry - in m il .  cw t. 14.60 8 .0 0
C arry -o u t m il .  cw t. 13.78 24.19
P urchases m il .  cw t. 3 .22 13.87
S a le s m il .  cw t. 4 .05 0 .0 0
P r ic e d o l l a r s . 9 .58 7.50
G ross Income 
from R ice m il .  d o l . 1082.73 926.01
S tock  Management 
C ost (Gain) m il .  d o l . 7 .70 22.53
---- C ontinued ' — —  a
2449.40 2281.40 2358.83 2562.48 2785.27
109.80 102.59 106.37 115.57 125.72
24.19 25.17 17.38 8 .60 4 .26
25 .17 17.38 8 .60 4 .26 3 .04
0 .8 2 0 .07 0 .03 0 .32 1.12
1 .63 8 .7 4 7 .90 2 .93 1 .30
8 .7 8 10.25 10.43 10.57 9 .92
959 .88 1049.12 1107.84 1216.59 1236.94
32.39 6 .1 0 (8 .2 2 ) (4 .6 4 ) (1 .96 )
Table 13. Continued.
Item  U n it
1975-80 1975 1976 1977 1978 1979 1980
c /F requency :—
Purchase ** 0 p e rc e n t 2 7 .4 99 .8 3 1 .4 3 .2 0 .8  . 4 .8 18 .6
S a le  = 0 p e rc e n t 5 0 .3 0 .0 16 .8 82 .6 8 7 .4 70 .6 5 4 .4
C arry -o u t * 0 p e rc e n t 12 .2 0 .0 0 .0 0 .0 8 .6 3 0 .0 34 .8
C arry -o u t 1 p e rc e n t 14 .6 0 .0 0 .0 0 .0 10 .8 34 .2 4 2 .4
d /C a rry -o u t >ICI~ p e rc e n t 5 8 .0 99 .8 100.0 9 3 .0 3 9 .2 11 .0 5 .2
G ross Income 
from  R ice
^  1 .0  p e rc e n t 5 3 .2 100.0 59 .6 19 .2 5 .4 9 .0 10 .2
^  1 .5  p e rc e n t 3 .5 0 .0 0 .0 0 .0 0 .0 6 .2 7 .6
a/T he p r ic e  l im i t s  w ere $10 .50  and $7 .50
b/A nnual s t a t i s t i c s  a r e  based  on 500 i t e r a t i o n s  and summary s t a t i s t i c s  a re  based  on 3000 
o b s e rv a t io n s , t h a t  i s ,  500 i t e r a t i o n s  p e r  y e a r  f o r  1975-80. 
c /U n it8 f o r  th e  ran g es  o f  th e s e  v a r ia b le s  below  a re  th e  same a s  f o r  th e  co rre sp o n d in g  v a r ia b le s  
above.
d / lC I  i s  i n i t i a l  c a r r y - in .
\o
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Table 14 . A Reserve Stock Model with the Second Alternative Initial Level of Carry-in (30 million
hundredweight). Means and Percentage Frequencies. 1975 - 1980.2/Jl/
Item U n it 1975-80 1975
- — - —Time 
1976
P e rio d ----
1977 1978 1979 1980
■lean:
A rea P la n te d 1000 A cres 2439.91 2405.03 2107.86 2175.04 2416.42 2688.52 2846.57
P ro d u c tio n m il . cw t. 109.81 107.88 94 .49 97 .81 108.97 121.25 128.48
C a r ry - in m il . cw t. 16.82 30 .00 32 .16 21.67 9.66 4 .0 3 3 .42
C arry -o u t m il . cw t. 12.45 32 .16 21.67 9.66 4 .0 3 3 .42 3.73
P urch ases m il . cw t. 0 .87 2 .3 1 0 .0 0 0 .0 0 0 .1 0 1 .12 1.69
S a le s m il . cw t. 5 .25 0 .16 10.49 12.01 5 .7 4 1.72 1.38
P r ic e  d o l . / c w t .  9 .8 2  8 .16  10.43 10.49 10.67 9 .75  9 .38
G ross Income
from  R ice m il .  d o l .  1069.76 880.53  984.63  1025.47 1158.85 1172.93 1196.17
S tock  Management
C ost (G ain) m il .  d o l .  4 .7 0  43 .0 4  6 .2 2  (1 4 .1 1 ) (7 .6 9 ) (0 .0 5 ) 0 .78
- —C o n tin u ed -—
Table 14. Continued.
Item U n it
1975-80 1975 1976 1977 1978 1979 1980
c /F requency:—
Purchase ** 0 p e rc e n t 16 .5 5 0 .2 0 .0 0 .0 2 .2 18.6 2 8 .2
S a le  -  0 p e rc e n t 5 7 .4 6 .0 93 .6 97 .2 78 .6 37 .8 3 1 .4
C arry -o u t = 0 p e rc e n t 17 .3 0 .0 0 .0 5 .2 2 9 .8 33.1 2 7 .2
C arry -o u t -  1 p e rc e n t 1 9 .4 0 .0 0 .0 6 .6 36 .6 39 .0 3 4 .4
C arry -o u t > IC I-^  
G ross Income
p e rc e n t 0 .5 5 2 .2 2 .2 0 .0 0 .0 0 .0 0 .0
from  R ice
^  1 .0 p e rc e n t 36 .7 8 3 .8 6 0 .8 32 .6 7 .4 24 .2 11.6
^  1 .5 p e rc e n t 2 .6 0 .0 0 .0 0 .0 3 .0 6 .2 6 .0
a/T he p r ic e  l i m i t s  w ere $10 .50  and $ 7 .5 0 .
b/A nnual s t a t i s t i c s  a re  b ased  on 500 i t e r a t i o n s  p e r  y e a r  f o r  1975-80.
c /U n its  f o r  th e  ra n g e s  o f  th e s e  v a r ia b le s  below  a re  th e  same a s  f o r  th e  co rre sp o n d in g  v a r ia b le s  
above.
d / lC I  i s  i n i t i a l  c a r r y - in .
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was a t  o r  ap p ro ach in g  th e  low er p r ic e  l i m i t .  However, in  s i t u a t io n  
5 , p r ic e  reach ed  a le v e l  s l i g h t l y  below th e  upper p r ic e  l im i t  and 
rem ained abou t th a t  le v e l  fo r  th re e  y e a r s ,  and th en  dropped about 
one d o l l a r  o v er th e  n e x t two y e a r s .  P r i c e ,  in  s i t u a t i o n  4 , reach ed  
th e  upper p r ic e  le v e l  in  1977, m a in ta in ed  i t  fo r  th re e  y e a r s ,  and 
th en  dropped s l i g h t l y  in  1980.
Although th e  i n i t i a l  c a r r y - in  in  s i t u a t io n  5 was more th an  
th re e  tim es th a t  o f  s i t u a t i o n  4 c a r r y - o u t  in  1980 was reduced  to  
ap p ro x im a te ly  3 m il l io n  hundredw eigh ts in  bo th  s i t u a t i o n s .
S i tu a t io n  5 w ith  th e  h ig h e r  i n i t i a l  c a r r y - in  had a h ig h e r av erage  
c a r r y - in ,  b u t a s l i g h t l y  lower av erag e  c a r ry -o u t  th an  s i t u a t io n  4 . 
C a rry -o u t le v e ls  in  1976 w ere 25 .17  and 21.67 m il l io n  hundredw eights 
f o r  s i t u a t i o n  4 and 5 r e s p e c t iv e ly .  L arge q u a n t i t i e s  o f  r i c e  were 
purchased  d u rin g  th e  f i r s t  two y e a rs  in- s i t u a t io n  4 and th i s  
e x p la in s  why c a r ry -o v e r  was g r e a te r  in  1976 in  s i t u a t io n  4 than  in  
s i t u a t i o n  5 , where th e  f i r s t  two y e a rs  p e rio d  was c h a r a c te r iz e d  by 
a n e t re d u c tio n  o f s to c k s  by ap p ro x im a te ly  8 m il l io n  hundredw eigh ts.
The p a t te r n  o f  p u rch ases  and s a le s  shows a v e ry  low- le v e l  
o f  p u rch ase s  in  most y e a rs  fo r  b o th  s i t u a t i o n s ,  in d ic a t in g  th a t  th e  
low er p r ic e  l im i t  i s  s e t  low r e l a t i v e  to  th e  e q u il ib r iu m  p r ic e .  
However, p u rch ases  w ere heavy in  1975 f o r  s i t u a t io n  4 , when th e  
sm all c a r ry -o v e r  combined w ith  h ig h  p r ic e  o f  th e  p rev io u s  y e a r and 
la rg e  a re a  p la n te d  r e s u l t e d  in  p r ic e s  t h a t  tended to  be below th e  
low er p r ic e  l i m i t .  S a le s  were u s u a l ly  h e a v ie r  th an  purchases 
in d ic a t in g  a tendency tow ards h ig h e r  p r ic e s  than  th e  upper p r ic e  
l im i t .  A f te r  two o r  th r e e  y ea rs  in  b o th  s i t u a t io n s ,  s a le s  were
100
q u ite  la rg e ,  ab o u t 8 m i l l io n  and 10 to  12 m ill io n  in  s i t u a t io n s  4 
and 5 , r e s p e c t iv e ly .  The freq u en cy  o f s a le s  in  th o se  y e a rs  shows 
th a t  c o n s id e ra b le  p r ic e  s t a b i l i z a t i o n  a c t i v i t y  was re q u ire d  in  b o th  
s i t u a t io n s ,  even though  a v e ry  la rg e  d if f e r e n c e  in  i n i t i a l  c a r r y - in  
le v e ls  e x is te d .  The m ain d i f f e r e n c e  was t h a t  the  heavy involvem ent 
in  p r ic e  s t a b i l i z a t i o n  o c cu rred  one y e a r  e a r l i e r  in  s i t u a t i o n  5 and 
re q u ire d  more f r e q u e n t  and l a r g e r  av erag e  s a le s  o f  r i c e  than  in  
s i t u a t io n  4 .
B ehavior o f th e  System  Over Time
The p a t t e r n  o f  b e h a v io r  o f  th e  system  over tim e  can now be 
t r a c e d . The h ig h  l e v e l  o f  i n i t i a l  c a r r y - in  in  s i t u a t i o n  5 d ep ressed  
a re a  p la n te d  and p ro d u c tio n  in  th e  e a r ly  y e a r s ,  and t h i s  caused p r ic e  
to  r i s e  and r e q u i r e  f r e q u e n t  s a l e s ,  th u s  drawing down th e  h ig h  le v e l  
o f  s to c k s , u n t i l  s to c k s  in  th e  l a s t  3 y e a rs  were v i r t u a l l y  d e p le te d  
s l i g h t l y  more th a n  one th i r d  o f  th e  tim e . The in c r e a s in g  le v e l  o f 
p r ic e  and th e  d e c re a s in g  le v e l  o f  c a r r y - o u t  a llow ed a re a  p la n te d  to  
in c re a se  to  2 .85  m i l l io n  a c re s  in  1980 and th i s  was accom panied by 
a f a l l  in  p r ic e  and th e  b e g in n in g  o f  an in c re a s e  in  r i c e  c a r r y - o u t .
The same ty p e  o f  re sp o n se  can  be seen  in  th e  c a se  o f 
s i tu a t io n  4 where a low i n i t i a l  c a r r y - in  le v e l  was u s e d , b u t the  
resp o n ses  to  th e  low i n i t i a l  c a r r y - in  le v e l  were g e n e r a l ly  n o t as 
g re a t  and o c cu rred  a f t e r  a  g r e a te r  la p se  o f  tim e . One e x ce p tio n  to  
the  g e n e ra l b e h a v io r  d e s c r ib e d  above was in d ic a te d  e a r l i e r ,  namely 
th a t  th e re  was a c o n s id e ra b le  accu m u la tio n  o f s to c k s  in  th e  f i r s t  
y ear in  s i tu a t io n  4 .
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The main d i f f e r e n c e  betw een th e  im pact o f  a h ig h  and a low 
le v e l  o f  c a r r y - in ,  th e n , i s  t h a t  th e  fo rm er d e l iv e r s  a g re a te r  
shock to  th e  system  (low er p ro d u c tio n , h ig h e r  p r i c e s ,  e t c . )  and 
t h a t  th e  le n g th  o f  th e  c y c le  i s  red u ced  by abou t 1 y e a r .
P r ic e  and th e  S ize  o f  S to ck s  Over Time
I t  was in d ic a te d  p re v io u s ly  t h a t  in  th e  summary r e s u l t s  
h ig h e r  p r ic e s  o ccu rred  a t  th e  same tim e a s  h ig h e r  o v e r a l l  average  
le v e l s  o f  c a r r y - in .  C a r ry -o u t o r  en d in g  s to c k s  d id  n o t behave q u i te  
c o n s i s t e n t ly ,  b u t g e n e r a l ly ,  ap p ea red  to  be l e s s  in  th o se  s i tu a t io n s  
in  which p r ic e  was g r e a t e r .  The d e g re e  o f  su p p o rt t h a t  th e se  
r e s u l t s  b ro u g h t to  th e  c o n v e n tio n a l wisdom w ith  re g a rd  to  th e  
r e la t io n s h ip  w i l l  be exam ined in  d e t a i l ,  and th e  annual r e s u l t s  w i l l  
be  used to  c l a r i f y  th e  m eaning o f  th e  summary o r  o v e r a l l  r e s u l t s .
The c o n v en tio n a l wisdom s t a t e s  t h a t  a h ig h  le v e l  of s to c k s
te n d s  to  d ep re ss  p r i c e s .  T h is i s  in t e r p r e te d  as  say in g  th a t  a h igher 
le v e l  o f c a r r y - in  in  a  g iv en  y e a r  te n d s  to  cause  p r ic e s  to  be  low er 
th an  i f  a lower c a r r y - in  had e x i s t e d .  The model u sed  h e re  does n o t 
in c lu d e  a mechanism by w hich t h i s  h y p o th eses  may be r ig o r o u s ly  
t e s t e d .  The r e s u l t s  may be exam ined, how ever, to  s e e  to  what e x te n t  
h ig h  c a r r y - in  i s  a s s o c ia te d  w ith  low p r ic e  under th e  m odel's  
a ssu m p tio n s . The summary r e s u l t s  show th a t  h ig h e r  av erag e  c a r r y - in  
f o r  th e  s ix  y e a r p e r io d  i s  a s s o c ia te d  w ith  h ig h e r  p r ic e  when a l l  
s i tu a t io n s  a re  com pared. The an n u al r e s u l t s ,  how ever, ■show no c le a r  
p a t te r n  f o r  e i t h e r  s i t u a t i o n  4 o r  5 (T ab le  1 1 ). For exam ple, in  
s i t u a t io n  4 , th e  p r ic e s  from  1977 th ro u g h  1979 w ere betw een $10.25 
and $10 .57 , b u t th e  c o rre sp o n d in g  le v e l s  o f  c a r r y - in  ranged from
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25.17 ( th e  h ig h e s t )  to  th e  low le v e l  o f  8 .6  m il l io n  h u n d redw eigh ts. 
The r e s u l t s  o f s i t u a t i o n  5 show s im i la r  b e h a v io r .
The model u sed  h e re  alloW s th e  le v e l  o f  s to c k s  to  be 
in flu en c ed  by p r ic e  o n ly  i f  p r ic e  i s  o u ts id e  th e  p r ic e  l i m i t s .
Where th e  mechanism o p e r a te s ,  c a r r y - o u t  f o r  a g iv en  y e a r  (which i s  
c a r r y - in  fo r  th e  fo llo w in g  y e a r)  has been  augmented where p r ic e  was 
lower th an  th e  low er p r ic e  l i m i t ,  and has been reduced  w here p r ic e  
was g r e a te r  than  th e  u p p er p r ic e  l i m i t .  To t h i s  e x te n t ,  c a r r y - in  
i s  a fu n c tio n  o f th e  p re v io u s  y e a r 's  p r i c e .  However, i t  i s  
d i f f i c u l t  to  p r e d ic t  from  t h i s  how a h ig h  le v e l  o f  c a r r y - in  w i l l  
a f f e c t  p r ic e  in  th e  same y e a r .  T h is i s  p o s s ib le  to  some e x te n t  i f  
the  a re a  p la n te d  e q u a tio n  i s  examined w ith  th e  assum ption  th a t  the  
average  le v e l  o f  demand e x i s t s .
The dampening e f f e c t  o f  c a r r y - in  on a re a  p la n te d  and le v e l  
o f p ro d u c tio n  was d is c u s s e d  p r e v io u s ly .  Given th e  p rev io u s  y e a r 's  
a re a  p la n te d  and p r i c e ,  and th e  c u r r e n t  y e a r 's  le v e l  o f  demand, a 
h ig h e r  le v e l  o f  c a r r y - in  would le a d  to  low er p ro d u c tio n  and , th e re ­
f o r e ,  a h ig h e r  av erag e  p r ic e  i f  th e  av erag e  o f demand i s  assum ed. 
This i s  borne o u t by th e  an n u a l r e s u l t s  w here 1975 p r ic e  f o r  
s i t u a t io n  5 a s s o c ia te d  w ith  a  c a r r y - in  le v e l  o f  30 m il l io n  hundred­
w eigh t i s  $8 ,16 , and t h a t  f o r  s i t u a t i o n  4 (8 m il l io n  hundredw eigh t) 
i s  $ 7 .5 0 . These a re  d i r e c t l y  com parable becau se  c a r r y - in  i s  th e  
on ly  v a r ia b le  t h a t  changes i t s  v a lu e  from  one s i t u a t i o n  to  th e  
o th e r  f o r  t h a t  y e a r ,  1975.
I f  the  same a re a  p la n te d  e q u a tio n  c o r r e c t ly  p o r tr a y s  the  
in d u s try  b e h a v io r , e s p e c i a l l y  in  r e l a t i o n  to  th e  im pact o f  c a r r y - in
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on a re a  p la n te d , th en  th e  co n v en tio n a l wisdom i s  in c o r r e c t  in  
a s c r ib in g  th e  cau se  o f low er p r ic e s  in  a g iv en  y e a r  to  a h ig h e r  
le v e l  o f  c a r r y - in .
A R eserve S tock  Model w ith  T a rg e t P r ic e s
Two t a r g e t  p r ic e  s i tu a t io n s  were s im u la te d  u s in g  a model in  
w hich 1) th e  u p p er p r ic e  l im i t  was $11.00 and th e  low er p r ic e  l im i t  
was $7.00 and 2) th e  two a l t e r n a t iv e  t a r g e t  p r ic e s  w ere $8 .50  and 
$ 9 .5 0 . The o v e r a l l  r e s u l t s  f o r  th e  s ix - y e a r  p e r io d  a re  shown in  
T able 15 and T able 16.
The in t r o d u c t io n  o f d e f ic ie n c y  paym ents in to  a r e s e rv e  s to c k  
model c au ses  th r e e  new v a r ia b le s  to  be in tro d u c e d . These a re  (1) 
d e f ic ie n c y  paym ents; (2) t o t a l  income from  r i c e ,  w hich i s  formed by 
add ing  d e f ic ie n c y  payments to  th e  p rev io u is ly  in to rd u c e d  v a r i a b le ,  
g ro s s  income from  r i c e ;  and (3) t o t a l  c o s t  to  th e  t r e a s u r y ,  w hich i s  
formed by add ing  d e f ic ie n c y  payments to  th e  p re v io u s ly  in tro d u c e d  
v a r i a b le ,  s to c k  management c o s t .
I t  i s  c l e a r  from Table 15 th a t  th e  in c lu s io n  o f t a r g e t  
p r ic e s  does n o t a f f e c t  any v a r ia b le s  in  th e  system  o th e r  th a n  th e  
th r e e  j u s t  in tro d u c e d . For t h i s  re a so n , th e  d is c u s s io n  w i l l  focus 
m ain ly  on th e  l a s t  5 v a r ia b le s  in  T ab le  15, nam ely d e f ic ie n c y  
payments and income and c o s ts  b e fo re  and a f t e r  d e f ic ie n c y  paym ents 
have been added.
B efore  th e  r e s u l t s  o f  th e  t a r g e t  p r ic e  ex p erim en t a re  
d is c u s s e d , i t  m ust be em phasized th a t  th e  maximum d e f ic ie n c y  payment 
p o s s ib le  p e r hundredw eight eq u a ls  th e  d i f f e r e n c e  betw een  th e  su p p o rt
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T ab le  15. A R eserve S tock  Model W ith Two A lte r n a t iv e  T a rg e t P r ic e s :  
Means and C o e f f ic ie n ts  o f  V a r ia t io n .  1975 -  1 9 8 0 .2 /E /£ /
T a re e t P r ic e s
Item U n it
$8 .50 $9.50 $8 .5 0 $9 .50
Means C o e f f ic ie n t s  o f  v a r i a t i o n
A rea  P la n te d
P ro d u c tio n
D om estic u se
E x p o rts
C a r ry - in
C a r ry -o u t
P u rch ases
S a le s
1000 a c re s  
m il .  cw t. 
m il .  cw t. 
m il .  cw t. 
m il .  cw t. 
m il .  cw t. • 
m i l . cw t. 
m i l . cw t.
2533.79
114.01
47 .01
68 .4 4
14.84
14.21
2.85
3 .47
2533.79
114.01
47 .01
68 .4 4
14 .84
14.21
2 .8 5
3 .47
8 .0
8 .6
7 .8
7 .4
5 5 .8
6 3 .5
212 .7
143.8
8 .0
8 .6
7 .8
7 .4
5 5 .8
6 3 .5
212.7
143.8
P r ic e
E x p o rt S a le s  
V alue  o f  P u rch ases  
V alue o f  S a le s
d o l . /c w t .  
m il .  d o l .  
m il .  d o l .  
m il .  d o l .
9 .62
659.81
19.92
38.21
9 .62
659.81
19.92
38.21
19 .5
21 .7
212.7
143.8
19.5
21 .7
212.7
143.8
G ross Income 
from  R ice m il .  d o l 1087.02 1087.02
17 .2 17.2
S to ck  Management 
C ost (G ain) m il .  d o l . 5 .85 5 .85 387 .3 387.3
D e fic ie n c y
Payments m il .  d o l . 35.03 64 .0 4 153.4
139.8
T o ta l  Income 
from  R ice m il .  d o l . 1122.06 1151.07
13 .2 10.8
T o ta l  C ost to  
th e  T rea su ry m il .  c o l . 40 .8 8 69 .89 163.1
146.1
a /  Summary r e s u l t s  fo r  p e r io d  1975-80 a re  based  on 3000 o b s e rv a t io n s ,  
b /  T a rg e t p r ic e s  a f f e c t  o n ly  th e  l a s t  3 v a r i a b l e s ,  
c /  P r ic e  l im i t s  w ere $11.00  and $ 7 .0 0 .
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T ab le  16. A R eserve  S to ck  Model w ith  Two A l te r n a t iv e  T a rg e t P r i c e s :
P e rc e n ta g e  Frequency  D is t r ib u t io n s  o f  S e le c te d  V a r ia b le s .—' —'
Item M illio nD o lla rs
------ -T a rg e t
$8.50
P r i c e - - — —
$9.50
P ercen tag e Frequency
D e fic ien c y  Payments 0 6 7 .6 60 .7
0 -  100 5 .8 8 .1
100 -  200 26 .6 12 .7
200 -  300 0 .0 1 8 .4
300 -  400 0 .0 0 .0
S to ck  Management C ost (g a in ) (5 0 )- 0 3 1 .4 3 1 .4
0 -  100 6 8 .6 68 .6
T o ta l  C ost to  th e  T rea su ry < (40) 4 .4 4 .4
(In c lu d e s  d e f ic ie n c y  paym ents) (4 0 )- (20) 10 .4 1 0 .4
(2 0 )-  0 17 .9 17 .5
0 -  20 2 1 .8 18 .8
20 -  40 13.8 10 .8
> 40 3 1 .8 38 .1
G ross Income from R ice 500 -  1000 3 3 .4 33 .4
1000 -  1500 6 5 .0 6 5 .0
1500 -  2000 1 .5 1 .5
> 2000 0 .0 0 .0
T o ta l  Income from R ice 500 -  1000 24 .8 5 .5
( In c lu d e s  d e f ic ie n c y  paym ents) 1000 -  1500 7 3 .6 92 .9
1500 -  2000 1 .5 1 .5
> 2000 0 .1 0 .1
a /  Summary r e s u l t s  f o r  th e  p e r io d  1975 -  1980 a re  b a se d  on 3000 
o b s e r v a t io n s . 
b /  P r ic e  l i m i t s  w ere $11 .00  and $ 7 .0 0 .
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p r ic e  and th e  t a r g e t  p r i c e .  T his i s  so , because  th e  d e f ic ie n c y  
payment e q u a ls  th e  d i f f e r e n c e  betw een th e  t a r g e t  p r ic e  and annual 
av erag e  p r i c e ,  w hich has a minimum v a lu e  e q u a l to  th e  su p p o rt p r ic e .  
For exam ple, in  th e  c a se  o f  a m arket u s in g  th e  p r ic e  l im i t s  given 
h e re ,  and a t a r g e t  p r ic e  o f  $ 9 .5 0 , th e  e x is te n c e  o f  a  sev e re  over­
su p p ly  o f  r i c e  would d e p re ss  th e  an n u al av erag e  p r ic e  to  th e  lower 
p r ic e  l i m i t ,  $ 7 .0 0 , and a  d e f ic ie n c y  payment o f  $9 .50  l e s s  $7.00, 
o r  $2 .5 0  p e r hundredw eigh t would be made.
The two t a r g e t  p r ic e  s i t u a t io n s  have th e  same low er p r ic e  
l i m i t  o r  su p p o rt p r ic e  l e v e l  ($ 7 .0 0 ) , and t a r g e t  p r ic e s  which d i f f e r  
by one d o l l a r .  The r e s u l t  i s  t h a t  w ith  th e  t a r g e t  p r ic e  a t  $8.50 
av erag e  an n u al d e f ic ie n c y  payments to ta l e d  35 .03  m i l l io n  d o l la r s  
(T ab le  1 5 ) . In c re a s in g  th e  t a r g e t  p r ic e  by one d o l l a r  in c re a se d  
av erag e  an n u al d e f ic ie n c y  payment by 29 m il l io n  d o l l a r s  to  64.04 
m il l io n  d o l l a r s .  V a r ia t io n  was q u i te  h ig h  in  b o th  c a s e s  and was 
reduced  s l i g h t l y  when t a r g e t  p r ic e  was in c re a s e d .
The p r o b a b i l i t y  o f  making d e f ic ie n c y  paym ents o f  d i f f e r e n t  
m agnitudes i s  shown in  T ab le  16. D e fic ie n c y  paym ents in  th e  cases 
o f  th e  low er and h ig h e r  t a r g e t  p r ic e s  w ere made o n ly  32 and 39 
p e rc e n t  o f  th e  tim e , r e s p e c t iv e ly .  When th ey  w ere made, however, 
th e y  ten d ed  to  be la r g e  r e l a t i v e  to  th e  o v e r a l l  av erag e  shown above, 
and r e l a t i v e  to  av e rag e  an n u al income l e v e l s .  For exam ple, 29.6 
p e rc e n t o f  paym ents w ere in  th e  100 to  200 m il l io n  d o l l a r  range when 
th e  low er t a r g e t  p r ic e  was u se d , and 18 .4  p e rc e n t o f  payments were 
in  th e  200 to  300 m i l l i o n  d o l l a r  ran g e  when th e  h ig h e r  t a r g e t  p r ic e  
was u se d .
107
The im pact o f d e f ic ie n c y  paym ents on p ro d u c e rs ' income from 
r i c e  may be seen  by com paring mean and v a r i a t i o n  and frequency  
d i s t r i b u t io n s  in  b o th  income from  r i c e  and t o t a l  income from r i c e .
Income E f fe c t
The im pact o f  d e f ic ie n c y  paym ents on p ro d u c e rs 1 income from 
r i c e  p ro d u c tio n  was an in c re a s e  e q u a l to  th e  d e f ic ie n c y  paym ents, 
and income v a r i a t io n  was reduced  from  1 7 .2  to  13 .2  and 10.8  p e rc e n t .  
The change in  th e  d i s t r i b u t i o n  o f  income made by th e  t a r g e t  p r ic e s  
can  be seen  by com paring th e  p e rc e n ta g e s  o f  g ro ss  income from r i c e  
and t o t a l  income from r i c e  to  be found in  th e  d i f f e r e n t  income 
c a te g o r ie s .  F or exam ple, th e  h ig h e r  t a r g e t  p r ic e  caused  income in  
th e  f i r s t  two c a te g o r ie s  to  be 5 .5  and 9 2 .9  p e rc e n t r e s p e c t iv e ly ,  
w h ile  w ith o u t d e f ic ie n c y  paym ents th e  c o rre sp o n d in g  p e rc e n ta g e s  w ere
33 .4  and 6 5 .0  p e rc e n t .
E f f e c t  on Government C ost
The im pact o f  d e f ic ie n c y  payment on av erag e  annual 
government c o s t  was eq u a l to  th e  s i z e  o f  th e  av erag e  annual 
d e f ic ie n c y  paym ent, and th e  im pact on v a r i a t i o n  was to  reduce  i t  in  
b o th  s i tu a t io n s  by 60 p e rc e n t a p p ro x im a te ly , a lth o u g h  v a r i a t io n  
s t i l l  rem ains q u i te  h ig h .
The im pact o f  d e f ic ie n c y  paym ents on th e  d i s t r i b u t i o n  o f  
government s to c k  management c o s t s  and g a in s  i s  q u i te  sm a ll. T h is 
i s  due to  th e  f a c t  t h a t  d e f ic ie n c y  paym ents a r e  made le s s  th an  40 
p e rc e n t o f  th e  tim e . In  th e  c a se  o f  th e  h ig h e r  t a r g e t  p r ic e ,  f o r  
exam ple, s to ck  management c o s ts  and g a in s  w ere in  th e  p ro p o r tio n  o f
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3 1 .4  p e rc e n t to  68 .6  p e rc e n t ,  r e s p e c t iv e ly ,  b u t ,  when d e f ic ie n c y  
payments a r e  in tro d u c e d , th e  p ro p o r t io n  i s  changed o n ly  s l i g h t l y ,  
becoming 32 .3  to  67 .7  p e rc e n t ,  r e s p e c t iv e ly .
T his experim ent w ith  t a r g e t  p r ic e s  shows t h a t  th e  u se  o f  
d e f ic ie n c y  payments can  s t a b i l i z e  income to  p ro d u c e rs , and th a t  
t h i s  can be  accom plished by an  an n u a l av erag e  a d d i t io n  to  c o s ts  o f  
up to  64 m il l io n  d o l la r s  f o r  . t a r g e t  p r ic e s  up to  $ 9 .5 0 . These 
payments a r e  made le s s  th an  40 p e rc e n t  o f  th e  tim e , b u t ,  when th ey  
a re  made, th ey  ten d  to  be  l a r g e ,  m ost b e in g  betw een 100 and 300 
m il l io n  d o l l a r s .
Chapter 6
SUMMARY AND CONCLUSIONS
The o v e r a l l  purpose o f  t h i s  s tu d y  i s  to  an a ly ze  th e  e x te n t  
to  which r i c e  s to c k s  in  th e  U nited  S ta te s  can  be u sed  to  p ro v id e  
p r ic e  and income s t a b i l i z a t i o n  to g e th e r  w ith  p r o te c t io n  from running  
o u t of r e s e rv e s  o f  r i c e .  A s u b s id ia ry  purpose o f  t h i s  s tu d y  i s  to  
examine th e  f e a s i b i l i t y  o f  u s in g  t a r g e t  p r ic e s  in  th e  r i c e  program 
fo r  th e  purpose  o f p r ic e  and income s t a b i l i z a t i o n .  The involvem ent 
w ith  s to c k  ad ju stm en t fo r  p r ic e  and income s t a b i l i z a t i o n  r e f l e c t s  
concern  ab o u t r e c e n t  r e a l i t i e s  in  the  w orld  r i c e  m ark e t, w here 
ex trem ely  h ig h  demand abroad  le d  to  d e p le t io n  o f  U. S . s to c k s  o f 
r i c e .  F in a l ly ,  t a r g e t  p r ic e s  a re  in c lu d ed  in  an a tte m p t to  g e n e ra te  
in fo rm a tio n  co n cern in g  t h i s  p o lic y  in s tru m e n t in tro d u c e d  u n d er th e  
R ice P ro d u c tio n  A ct o f  1975 which i s  c u r r e n t ly  in  u s e .
An O u tlin e  o f th e  Study
The b a s ic  s im u la tio n  model u se s  r i c e  s to c k s  to  s t a b i l i z e  
p r ic e s  g e n e ra te d  by a  d i s t r i b u t i o n  o f demand and su p p ly  c u rv e s . 
P r ic e  and income s t a b i l i z a t i o n  to g e th e r  w ith  th e  r e l a t e d  a b i l i t y  o f 
th e  system  to  m a in ta in  an adequate  le v e l  o f  s to c k s  f o r  em ergency 
purposes a re  th e  g o a ls  o f  th e  system .
At f i r s t  th e  model i s  m odified  to  s im u la te  a m arket in  
which no c o n tro l  a c reag e  a re a  p la n te d  o r p r ic e s  i s  e x e rc is e d  by
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governm ent. T h is i s  r e f e r r e d  to  a s  th e  f r e e  m arket s im u la tio n  
m odel. S econd ly , a number o f  ex p erim en ts  w ith  a l t e r n a t i v e  s e t s  o f 
u pper and low er p r ic e  l im i t s  a re  conducted  u s in g  th e  b a s ic  
s im u la t io n  m odel. T h ird ly , th e  b a s ic  s im u la tio n  model i s  u sed  in  
ex p erim en ts  w ith  a l t e r n a t i v e  i n i t i a l  le v e l s  o f  r i c e  c a r r y - in .
F in a l ly ,  th e  b a s ic  s im u la tio n  model i s  m odified  to  in c o rp o ra te  
t a r g e t  p r ic e s  in to  th e  system  and a number o f  ex p erim en ts  u s in g  
t a r g e t  p r ic e s  a re  co n d u cted .
E s tim a te s  o f  demand and su p p ly  r e l a t io n s h ip s  w ere made 
(C h ap ter 6) and th e se  a re  in c o rp o ra te d  in  th e  s im u la tio n  m odel.
Random v a r i a t i o n  i s  in tro d u c e d  in to  b o th  th e  demand and supp ly  
s id e s  o f  th e  m ark e t, and th e  r e s u l t  i s  t h a t  a d i s t r i b u t i o n  o f  v a lu e s  
i s  o b ta in e d  f o r  each v a r ia b le  in  a  g iv e n  y e a r .  The r e s u l t s  fo r  a 
g iv en  v a r ia b le  a re  th en  re p o r te d  in  term s o f  mean and c o e f f i c i e n t  
o f v a r i a t i o n ,  and in  some c a s e s ,  f re q u e n c ie s  o f  extrem e v a lu e s . The 
v a r ia b le s  d e a l t  w ith  in  th e  r e s u l t s  a re  th o se  a s s o c ia te d  w ith  th e  
s to c k  management a c t i v i t y ,  such as  p r i c e ,  s to c k s , s a l e s ,  and 
p u rc h a se s , and c o s ts  o f  th e  s to c k  management a c t i v i t y .  The r e s u l t s  
o f  su p p ly  and d i s t r i b u t i o n  v a r ia b le s  a re  a ls o  in c lu d e d .
The model u sed  i s  a  g r e a t  s im p l i f i c a t io n  o f a complex m ark e t. 
The e x p o r t  demand e q u a tio n  i s  a good example o f  t h i s .  A nother 
s im p l i f i c a t io n  i s  th e  assum ption  t h a t  a l l  s to c k s  used  fo r  p r ic e  
s t a b i l i z a t i o n  and em ergency u se s  a re  h e ld  by governm ent, w h ile  
co m m erc ia lly  h e ld  s to c k s  a re  assumed to  be p ip e l in e  s to c k s . I t  i s  
a ls o  assumed th a t  a sm all a d ju s tm en t to  s to c k s  has th e  same im pact
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on th e  system  i r r e s p e c t iv e  o f  th e  s iz e  o f  s to c k s .  T h is , p ro b ab ly , 
i s  n o t in  acco rdance  w ith  r e a l i t y .
R e su lts
In  t h i s  s e c t io n ,  th e  m odels w i l l  be d e a l t  w ith  in  th e  o rd e r 
in  which th ey  w ere p re s e n te d  in  C hap ter 5 . The p r e s e n ta t io n  o f  a 
summary o f  th e  models r e s u l t s '  and c o n c lu s io n s  w i l l  b e  p receded  by 
a b r i e f  d e s c r ip t io n  o f  th e  m o d e l..
The F ree  M arket Model: D e s c r ip t io n
and R e su lts
The main f e a tu r e  t h a t  c h a r a c te r i s e s  t h i s  model i s  th e  absence 
o f  governm ent s to c k  management. I t  a ls o  s h a re s  w ith  th e  o th e r  
models a n o th e r  c h a r a c t e r i s t i c ,  nam ely, t h a t  th e re  i s  no d i r e c t  
governm ent c o n t r o l  o f  a re a  p la n te d .  The s i z e  o f  th e  i n i t i a l  c a r ry -  
in ,  however, has a  c o n s ta n t  e f f e c t  on a re a  p la n te d .
On th e  b a s i s  o f  th e  o v e r a l l  averag e  v a lu e s  f o r  th e  s ix  y ear 
p e r io d  th e  f r e e  m arket a p p ea rs  to  have produced v a lu e s  t h a t  a re  
s im i la r  to  th o se  o b serv ed  in  r e c e n t  y e a rs  f o r  m ost v a r ia b le s  (T able 
2 and Table 3 ) .  The an n u a l d a t a ,  how ever, r e v e a l  t h a t ,  had a f r e e  
m arket s i t u a t i o n  been  in tro d u c e d  in  1975, th e  f i r s t  y e a r  (1975) 
would have been  d i s a s t r o u s  f o r  th e  in d u s t r y ,  b u t  t h a t  in  th e  
rem ain ing  f iv e  y e a rs  a  h ig h  l e v e l  o f  p r ic e  and income would have 
o c c u rre d . For exam ple, av e rag e  p r ic e  in  1975 would have been  abou t 
$1.70 p e r c w t. ,  and th e  a v e rag e  o f th e  av erag e  p r ic e s  fo r  th e  
fo llo w in g  f iv e  y e a rs  would have been  $9 .47 . A nother m ajor c h a ra c ­
t e r i s t i c  o f  th e  r e s u l t s  was th e  extrem e v a r i a t i o n  o f  p r i c e ,  income,
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and v a lu e  o f  e x p o r ts .  C o e f f ic ie n ts  o f  v a r i a t i o n  f o r  th e se  
v a r ia b le s  f o r  th e  p e rio d  as a w hole, w ere o f  th e  o rd e r  o f  40 to  
50 p e rc e n t (T able 2 and Table 3 ) .
The s p e c i f ic  r e s u l t s  o b ta in e d  h e re  f o r  1975 a re  dependent 
on th e  i n i t i a l i s i n g  v a lu e  o f th e  a re a  p la n te d  and p r ic e  and c a r r y ­
o u t o f  1974. Area p la n te d  and p r ic e ,  by h i s t o r i c a l  s ta n d a rd s , were 
q u i te  h ig h , and t h i s  le d  to  th e  low le v e l  o f  p r ic e s  o b ta in e d  in  
1975. Had p r ic e  and a re a  p la n te d  been low er in  1974, th e  r e s u l t s  
o f  1975 would have been  le s s  d i s a s t r o u s .  Had c a r r y - o u t  in  1974 n o t 
been  low by h i s t o r i c a l  s ta n d a rd s , th e  p ro d u c tio n  le v e l  and p r i c e ,  
r e s p e c t iv e ly ,  would have been low er and h ig h e r .
In  t h i s  m odel, c h a r a c te r is e d  by th e  absence  o f  s to c k  
ad ju s tm en t a c t i v i t y ,  th e  im pact o f  th e  i n i t i a l  s to c k ,  8 m i l l io n  
hundredw eigh ts o f r i c e ,  i s  c o n s ta n t  becau se  no change occu rs  in  
t h a t  v a r ia b le .  The absence o f  s to c k  a d ju s tm e n t a c t i v i t y  a ls o  means 
th e  absence  o f p r ic e  ad ju stm en t a c t i v i t y ,  and p r ic e  may, th e r e f o r e ,  
be ex p ec ted  to  f lu c tu a te  c o n s id e ra b ly . T h is  h as  been  shown to  
o c c u r . In  c o n t r a s t ,  even though p r ic e  v a r i a t i o n  in  a g iv en  y e a r  i s  
g r e a t ,  th e re  i s  a rem arkable  s i m i l a r i t y  betw een av e rag e  p r ic e s  in  
th e  l a s t  5 y e a r s .  The i n i t i a l  shock to  th e  system  h as  been  q u ic k ly  
overcom e, b u t th e  d e s ta b i l i z in g  e f f e c t s  o f  random v a r i a t i o n  in  
e x p o rts  and y ie ld  rem ain  (T able  2 and T able  3 ) .
Not o n ly  i s  th e  f r e e  m arket s im u la tio n  o f  i n t e r e s t  because  
i t  y ie ld s  in fo rm a tio n  about m arket b e h a v io r  in  th e  absence  o f 
governm ent c o n t r o l s ,  b u t  i t  i s  a l s o  o f  i n t e r e s t  a s  a  b a s is  a g a in s t  
w hich th e  r e s u l t s  o f  v a r io u s  m odels may be com pared. For exam ple,
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com parison  o f  p r ic e  and income r e s u l t s  from a p a r t i c u l a r  re s e rv e  
s to c k  model may be made to  m easure how e f f e c t iv e  i t  was in  i t s  
o b je c t iv e  o f  r a i s in g  th e  le v e l  o f  income and s t a b i l i z i n g  i t .  The 
o v e r a l l  av erag e  p r ic e  and annual av erag e  p r ic e s  o b ta in e d  in  th e  
f r e e  m arket s im u la tio n  a ls o  p r iv id e  a b a s i s  f o r  th e  c h o ice  o f  p r ic e  
l im i t s  to  be u sed  in  th e  re s e rv e  s to c k  m odels.
The R eserve S tock  Model: D e sc r ip tio n
and R e su lts
In  t h i s  model s to c k s  a r e  a d ju s te d  to  s t a b i l i z e  p r ic e s  and 
incom es. The m a rk e t 's  p rice -m ak in g  mechanism i s  a llow ed  to  o p e ra te  
f r e e ly  when th e  p r ic e  g e n e ra te d  rem ains betw een th e  chosen  p r ic e  
l i m i t s .  However, p r ic e  i s  b ro u g h t up to  th e  low er l im i t  by pu rch ases  
i f  th e  m arket g e n e ra te s  a p r ic e  below th e  low er l i m i t .  I f  th e  p r ic e  
g e n e ra te d  i s  above th e  upper l i m i t ,  s to c k s  a re  so ld  to  d e p re ss  p r ic e  
to  th e  u p p er p r ic e  l i m i t ,  p ro v id ed  s to c k  le v e l s  a re  ad eq u a te  fo r  
t h a t  p u rp o se . O th e rw ise , s a le s  eq u a l to  t o t a l  s to c k s  a re  made and a 
p r i c e  above th e  u p p er p r ic e  l i m i t  e x i s t s .
The chosen  le v e l  o f  th e  p r ic e  l im i t s  and th e  sp read  betw een 
them i s  s e le c te d  w ith  r e f e re n c e  to  th e  f r e e  m a rk e t 's  o v e r a l l  average  
and an n u al av erag e  p r i c e s ,  b ecau se  a  m ajor em phasis o f  th e  programs 
i s  on th e  le v e l  o f  p r ic e  and on i t s  v a r i a t i o n .  F ive  p r ic e  l im i t  
s i t u a t i o n s  a re  exam ined. These c o n s i s t  o f  a group o f  th r e e  s e t s  o f 
p r ic e  l im i t s  c e n te re d  on th e  assumed e q u i l ib r iu m  and d i f f e r in g  in  th e  
sp re ad  betw een t h e i r  upper and low er l im i t s  ( s i t u a t io n s  A, B, and C), 
and a group o f tw o, in  which one s e t  o f  p r ic e  l im i t s  i s  s e t  low
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r e l a t i v e  to  th e  e q u ilib r iu m  p r ic e  and the  o th e r  s e t  p laced  high  
r e l a t i v e  to  th e  e q u il ib r iu m  p r ic e  ( s i t u a t io n s  D and E ) .
Model By w ith  p r ic e  l im i t s  s e t  a t  $10.50 and $ 7 .5 0 , an 
e q u il ib r iu m  s e t t i n g ,  was chosen  as  th e  exam ple o f  a r e s e rv e  s to c k  
model to  be examined in  d e t a i l  u s in g  bo th  o v e r a l l  and an n u al r e s u l t s .  
T h is a llo w s com parison to  be made w ith  th e  f r e e  m arket r e s u l t s  and 
a llo w s th e  s to c k  management a c t i v i t y  ( t h a t  c h a r a c te r iz e s  th e  model) 
to  be examined c lo s e ly .  I t  a l s o  a llo w s  th e  b e h a v io r  o f  v a r ia b le s  
o v er tim e to  be exam ined, p r i c e ,  incom e, c a r r y - o u t  and c o s t  b e in g  o f 
s p e c ia l  i n t e r e s t  in  t h i s  re g a rd .
When coinpared w ith  th e  f r e e  m arket models r e s u l t s ,  th e  re s e rv e  
s to c k  model (Model B) i s  seen  to  r a i s e  p r ic e s  and incom es and to  
red u ce  t h e i r  v a r i a t io n  c o n s id e ra b ly  (T ab les 4 , 5 , 6 , and 7 ) .  For 
exam ple, p r ic e  was r a i s e d  from  $8 .18  to  $9 .58  and income r a i s e d  from  
952 to  1083 m il l io n  d o l l a r s .  P r ic e  v a r i a t i o n  was red u ced  by about 
two t h i r d s ,  from  50 p e rc e n t to  15 .5  p e rc e n t and income behaved in  
th e  same way ap p ro x im a te ly  (T ab le  5 ) .
Area p la n te d , now in f lu e n c e d  by th e  chang ing  l e v e l s  o f  r i c e  
c a r r y - in ,  had a lower mean and h ig h e r  v a r i a t i o n  th a n  in  th e  f r e e  
m arket m odel. P ro d u c tio n  behaved i n  a s im i la r  manner and c o n tr a s te d  
w ith  th e  f r e e  m arket in  th e  same w ay, th e  low er c o e f f i e i c n t  o f 
v a r i a t io n  o f  y ie ld  hav ing  l i t t l e  e f f e c t  on i t .  T here  was o n ly  a 
s l i g h t  change in  th e  le v e l  and v a r i a t i o n  o f  r i c e  u s e  b o th  in  th e  
dom estic  and e x p o rt a re a s  when th e  re s e rv e  s to c k  model was u sed .
The s to c k  management a c t i v i t y  o f  t h i s  model was t ra c e d  
th rough  th e  s ix  y ears  o f  i t s  o p e ra t io n .  Heavy p u rch ase s  o ccu rred  in
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1975 and s a le s  drew down th e  accum ulated  s to c k s  q u i te  r a p id ly  so 
t h a t  th e  av erag e  c a r ry -o u t  was q u i te  lot; in  th e  l a s t  3 y e a r s .  The 
p r o b a b i l i ty  o f  ru nn ing  o u t o f  s to c k s  was v e ry  low in  th e  f i r s t  th re e  
y e a r s ,  b u t from 1978 to  1980 i t  in c re a s e d  from  11 to  42 p e rc e n t 
(T ab le  6 ) .  The p r o b a b i l i ty  o f  hav in g  a  v e ry  la rg e  s to c k  ( g r e a te r  
th an  30 m il l io n  hundredw eight) was ze ro  each  y e a r  ex cep t in  1975 and
1976 when i t  was 14 and 16 p e rc e n t r e s p e c t iv e ly .  The c o s t  o f  s to c k  
management a c t i v i t y  was q u i te  low when av erag ed  o v e r th e  whole p e r io d , 
b u t  i t  was v e ry  v a r i a b le ,  b o th  v e ry  h ig h  c o s ts  and g a in s  b e in g  
p o s s ib le  (T able  6 ) .
There i s  one c h a r a c t e r i s t i c  common to  a l l  the  s to c k  
management a c t i v i t y  v a r ia b le s ,  e x c e p t p r i c e ,  nam ely t h e i r  extrem e 
v a r i a b i l i t y  a s  m easured by t h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n .  T h is 
in d ic a te s  t h a t  w h ile , f o r  exam ple, th e  av erag e  p u rch ase  may be sm a ll ,  
ex trem e ly  h ig h  o r  low v a lu es  may som etim es o c c u r . T h is i s  o f  g r e a t  
im portance  to  a  r i c e  program  a d m in is t r a to r .
The c o n c lu s io n  reached  c o n ce rn in g  t h i s  p a r t i c u l a r  re s e rv e  
s to c k  m odel, w hich i s  la r g e ly  su p p o rted  by th o se  su b se q u e n tly  
exam ined, i s  t h a t  i t  h a s  been  re a so n a b ly  s u c c e s s fu l  in  th e  f i r s t  
g o a l o f  p r ic e  and income s t a b i l i z a t i o n ,  b u t  f a i l e d  to  p ro v id e  ad eq u a te  
p ro te c t io n  a g a in s t  ru n n in g  o u t o f  s to c k s ,  e s p e c ia l l y  in  th e  l a t e r  
y e a rs  1978 to  1980.
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Experim ents w ith  P r ic e  L im its
C en te red  o r  E q u ilib r iu m  S e ts  o f  P r ic e  
L im its
In  o rd e r  to  m easure th e  im pact o f  th e  system  o f  d i f f e r e n t  
c e n te re d  o r  e q u il ib r iu m  s e t s  o f  p r ic e  l im i t s  hav ing  d i f f e r e n t  p r ic e  
sp re a d s  th e  s i t u a t io n s  A, B, and C, hav in g  p r ic e  sp re ad s  o f  2 , 3 , 
and 4 d o l l a r s  r e s p e c t iv e ly ,  w ere exam ined. As e x p ec te d , th e re  was 
l i t t l e  d i f f e r e n c e  betw een th e  r e s u l t s  e x c e p t w ith  re g a rd  to  th e  
v a r ia b le s  a s s o c ia te d  w ith  s to c k  management a c t i v i t y ,  and th e se  
d i f f e r e n c e s  were a s s o c ia te d  more w ith  v a r i a t i o n  and freq u en cy  o f  
ex trem e v a lu e s  th a n  w ith  mean v a lu e .  The r e s u l t s  a r e  compared from 
s i t u a t i o n  A w ith  a  $2.00 p r ic e  sp read  to  s i t u a t i o n  C w ith  a $4.00 
p r ic e  sp re ad  (T ab le  8 and T able  1 0 ).
Both s a le s  and p u rch ases  o c cu rred  l e s s  f r e q u e n t ly  from  
s i t u a t i o n  A to  s i t u a t i o n  C, and th a t  r e f l e c t s  th e  f a c t  t h a t  an 
in c r e a s in g  f r a c t i o n  o f  th e  p r ic e  d i s t r i b u t i o n  was cau g h t by th e  
l a r g e r  p r ic e  s p re a d . Both s a le s  and p u rc h a se s  were sm a lle r  in  s i z e ,  
s a le s  b e in g  l a r g e r  and more f r e q u e n t  th an  p u rc h a se s .
As th e  p r ic e  sp read  i s  in c re a s e d , mean p r ic e  and incoem 
rem ain  a lm o st c o n s ta n t ,  b u t become s l i g h t l y  more v a r i a b le .  C arry ­
o u t in c r e a s e s ,  o n ly  s l i g h t l y  and becomes s l i g h t l y  l e s s  v a r ia b le .
The p r o b a b i l i ty  o f  ru n n in g  o u t o f  s to c k s  d ec rea sed  by more 
th a n  50 p e rc e n t  from  19 to  9 p e rc e n t and t h a t  o f h av in g  a  la rg e  
s to c k ,  more th a n  30 m il l io n  h u n d red w eig h ts , was reduced  from  35 
p e rc e n t  to  0 . The c o s t  o f  s to c k  management d e c re a se s  from 11 to
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6 m il l io n  d o l l a r s ,  b u t v a r i a t io n  in c re a s e s  from  160 to  387 p e rc e n t 
(T ab le  8 and Table 10).
These r e s u l t s  in d ic a te  t h a t  a lth o u g h  in c re a s in g  th e  p r ic e  
sp read  by $2.00 c o n tr ib u te s  l i t t l e  to  th e  g o a l o f  p r ic e  
s t a b i l i z a t i o n ,  i t  makes q u i te  a  good c o n t r ib u t io n  to  th e  g o a l o f 
p r o te c t io n  from run n in g  o u t o f  s to c k s  and does i t  a t  a low er c o s t .
I t  i s  no t c l e a r  from t h i s  ex perim en t how ever, how th e  g r e a te r  p r ic e  
sp read  produces th e  e f f e c t ,  o r  w h e th er an e q u il ib r iu m  o r  c e n te re d  
s e t  o f  p r ic e  l im i t s  w ith  a  $4.00 sp read  i s  n e c e s sa ry  to  ach iev e  th i s  
e f f e c t .
N on-E qu ilib rium  S e ts  o f  P r ic e  L im its
In  s i tu a t io n s  D and E, w ith  p r ic e  sp re ad s  o f  $ 3 .0 0 , th e  p r ic e  
l im i t s  a re  s e t  low and h ig h , r e s p e c t iv e ly ,  in  r e l a t i o n  to  th e  
e q u il ib r iu m  in  p r ic e .
In  s i t u a t io n  E, p r ic e s  and income were s u b s t a n t i a l l y  h ig h e r  
and l e s s  v a r ia b le  th a n  in  a l l  o th e r  s i t u a t io n s  in c lu d in g  s i t u a t i o n
D. W ith re g a rd  to  p r o te c t io n  from  zero  s to c k s ,  s i t u a t i o n  E had th e  
b e s t  r e s u l t  o f  a l l  m odels, 3 .7  p e rc e n t (T ab le  9 and T able  1 0 ).
However, th e  c o s t  was h ig h e s t  (17 m il l io n  d o l l a r s ) ,  b u t l e s s  v a r ia b le ,  
a lth o u g h  s t i l l  q u i te  v a r ia b le  (130 p e r c e n t ) .  The e x p ec te d  need fo r  
s to c k s  in  s i t u a t io n  E to  red u ce  a l l  p r ic e s  to  th e  u p p e r l i m i t ,  i s ,  
o f  c o u rs e , l e s s  th an  th a t  where th e  up p er p r ic e  l i m i t  i s  low er.
T h is  h e lp s  to  e x p la in  why i t s  av erag e  le v e l  o f  c a r ry -o u t  (19 .54  m il. 
c w t.)  was g r e a te r  th an  t h a t  o f  any o th e r  s i t u a t i o n  in  T ab le  9 .
The r e s u l t s  o f  s i t u a t i o n  E le a d  to  th e  c o n c lu s io n  t h a t  where 
s to c k  ad ju stm en t in  a s s o c ia t io n  w ith  a l t e r n a t i v e  s e t s  o f  p r ic e  l im i t s
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i s  to  be used  fo r  th e  two r e la t e d  purposes o f  p r ic e  and Income 
s t a b i l i z a t i o n  to g e th e r  w ith  p re v e n tio n  o f th e  o c cu rren c e  o f  z e ro  
s to c k s ,  th en  a s e t  o f  p r ic e  l im i t s  s e t  h ig h  r e l a t i v e  to  e q u i l ib r iu m  
p r ic e  ough t to  be u sed .
E xperim ents w ith  A lte rn a t iv e  I n i t i a l  
C a r ry -In  L evels
In  a l l  o f  th e  ex p erim en ts  conducted  so f a r ,  th e  i n i t i a l  
c a r r y - in  le v e l  was 8 m i l l io n  hu n d red w eig h ts, th e  le v e l  o f  c a r r y - o u t  
a c tu a l ly  observed  in  1975. In  t h i s  ex perim en t th r e e  a l t e r n a t i v e  
i n i t i a l  l e v e l s  o f  c a r r y - in  w ere u s e d , one o f  w hich was t h a t  ob serv ed  
and th e  o th e r s  w ere 30 and 50 m il l io n  h u n d red w eig h ts . These w ere 
used  w ith  two d i f f e r e n t  s e t s  o f  p r ic e  l i m i t s .
The purpose o f  t h i s  experim en t was to  m easure th e  im pact o f  
d i f f e r e n t  i n i t a l  c a r r y - in  le v e ls  on th e  sy stem , w ith  p a r t i c u l a r  
em phasis on th e  p re v e n tio n  o f  ze ro  s to c k s . The e f e e c t  o f  a h ig h  
i n i t i a l  l e v e l  o f  c a r r y - i n  on th e  o v e r a l l  l e v e l  o f  s to c k s  i s  d i f f i c u l t  
to  p r e d ic t ,  b e c a u se , on th e  one hand, th e  h ig h  le v e l  o f  i n i t i a l  
c a r r y - in  w i l l  i n i t i a l l y  d e p re ss  p ro d u c tio n , th e re b y  r a i s i n g  p r i c e ;  
b u t ,  on th e  o th e r  hand , i t  may be d e p le te d  in  d r iv in g  th o se  p r ic e s  
down to  th e  upper p r ic e  l i m i t .
G re a te r  i n i t i a l  c a r r y - in ,  a t  b o th  s e t s  o f  p r i c e  l i m i t s  i s  
a s s o c ia te d  w ith  a g r e a te r  av erag e  p r ic e ,  a  g r e a te r  f req u e n cy  o f  
z e ro  c a r r y - o u t  and a  reduced  c o s t  o f  s to c k  management. A verage 
c a r r y - o u t  was reduced  by in c re a s in g  i n i t i a l  c a r r y - in  when th e  h ig h e r  
le v e l  o f  p r ic e  l im i t s  was u se d , b u t  in  th e  c a se  o f  th e  s l i g h t l y
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low er p r ic e  l im i t s  th e  c a r r y - o u t  behaved in c o n s i s t e n t ly  in  t h a t  
c a r r y - o u t  a s s o c ia te d  w ith  50 m il l io n  cw t. was g r e a te r  th a n  th a t  
a s s o c ia te d  w ith  30 m i l l io n  c w t . ,  — a lth o u g h  b o th  w ere l e s s  than  
th a t  a s s o c ia te d  w ith  8 m il l io n  hundredw eigh ts (T able  11 th rough  
T ab le  1 4 ).
Income was a ls o  s l i g h t l y  in c o n s i s te n t  in  i t s  r e a c t io n  to  
h ig h e r  i n i t i a l  c a r r y - i n .  A g r e a te r  i n i t i a l  c a r r y - in  reduced  income 
s l i g h t l y  a t  th e  h ig h e r  le v e l  o f  p r ic e  l i m i t s ,  b u t a t  th e  low er le v e l  
o f  p r ic e  l i m i t s  th e  r e s u l t  f o r  an i n i t i a l  le v e l  o f c a r r y - in  eq u a l to  
50 m il l io n  cw t. was s l i g h t l y  g r e a t e r ,  in s te a d  o f  l e s s ,  th a n  th a t  
o b ta in e d  f o r  th e  o th e r  two le v e l s  (T able  1 1 ).
The p re sen c e  o f  in c o n s i s te n t  r e s u l t s  as  i n i t i a l  c a r r y - in  
l e v e l s  in c re a s e  in d ic a te  th e  need f o r  in fo rm a tio n  ab o u t th e  im pact 
o f  a number o f  c a r r y - in  le v e l s  w ith in  th e  range  co vered  by  t h i s  
e x p e rim en t. For exam ple, i n i t i a l  c a r r y - in  le v e l s  from 0 to  50 
m il l io n  h undredw eigh ts  in  in c rem en ts  o f  10 m il l io n  hundredw eigh ts 
co u ld  be u sed  to  d ev e lo p  th e  r e q u ire d  in fo rm a tio n .
The r e s u l t s ,  though h ig h ly  t e n t a t i v e ,  seem to  in d ic a te  t h a t  
h ig h e r  l e v e l s  o f  i n i t i a l  c a r r y - in  do n o t b e n e f i t  th e  p ro d u c e r , th e  
consum er, o r  th e  ta x p a y e r , even though t h e i r  s to c k  management c o s ts  
a re  l e s s .  In  th e  c a se  o f  th e  p ro d u c e r , a lth o u g h  p r ic e  i s  in c re a s e d , 
income i s  reduced  and becomes more v a r i a b le .  In  th e  c a se  o f  th e  
ta x p a y e r , th e  b e n e f i t  o f  th e  reduced  c o s t  i s  more th an  o f f s e t  by th e  
g r e a te r  freq u en cy  o f  z e ro  s to c k . F in a l ly ,  th e  consum er lo s e s  
b ecau se  he o b ta in s  l e s s  r i c e  a t  a h ig h e r  p r ic e  p e r  hundredw eigh t.
E xperim ents w ith  T a rg e t P r ic e s
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T a rg e t p r ic e s  w ere in tro d u ce d  in to  th e  r i c e  program  in  th e  
U nited  S ta te s  by th e  R ice P ro d u c tio n  A ct o f  1975. Two s im u la tio n s  
w ith  t a r g e t  p r ic e s  o f  $8 .50  and $9.50 d o l l a r s  p e r  h u ndredw eigh t o f  
rough r i c e  w ere made u s in g  p r ic e  l im i t s  o f  $11.00 and $ 7 .0 0 .
D e fic ie n c y  payments made to  p ro d u ce rs  a re  b a sed  on th e  
d i f f e r e n c e  betw een t a r g e t  p r ic e  and th e  n a t io n a l  av erag e  p r ic e  
re c e iv e d  p e r hundredw eigh t o f  r i c e .  The minimum p r ic e  w hich th e  
p ro d u cer can r e c e iv e  i s  th e  su p p o rt p r i c e ,  th e r e f o r e ,  th e  chosen  
le v e l  o f  su p p o rt p r ic e  d e te rm in es  th e  maximum d e f ic ie n c y  paym ent p e r 
hundredw eigh t t h a t  can  be re c e iv e d  w ith  r e s p e c t  to  a  g iv en  t a r g e t  
p r i c e .  The r e s u l t s  f o r  a  p a r t i c u l a r  t a r g e t  p r i c e ,  th e n , ough t a l s o  
to  in c lu d e  re f e re n c e  to  th e  p a r t i c u l a r  su p p o rt p r ic e  u se d .
The r e s u l t s  show t h a t  g iv en  th e  su p p o rt p r ic e  o f  $7 .00  and 
t a r g e t  p r ic e s  o f  $8 .50  and $ 9 .5 0 , th e  o v e r a l l  a v e rag e  d e f ic ie n c y  
payments w ere 35 and 64 m il l io n  d o l l a r s ,  r e s p e c t iv e ly  (T ab le  1 5 ) . 
V a r ia t io n  was 153 and 140 p e rc e n t ,  r e s p e c t iv e ly  (T ab le  1 5 ) . The 
v e ry  la rg e  v a r i a t i o n  i s  a t t r i b u t a b l e  to  th e  f a c t  t h a t  th e  p r o b a b i l i ty  
o f  making zero  paym ents was ab o u t 70 p e rc e n t ,  and when paym ents w ere 
made, m ost w ere in  th e  ran g e  o f  100 to  300 m il l io n  d o l l a r s  a n n u a lly  
(T able 1 6 ) .
The in t r o d u c t io n  o f  d e f ic ie n c y  payments had no e f f e c t  on 
m ost v a r ia b le s  in  th e  system  ex cep t c o s t  and incom e. To th e  o v e r a l l  
av erag e  g ro ss  income from  r i c e  was added th e  d e f ic ie n c y  paym ents.
T h is t o t a l  i s  r e f e r r e d  to  as t o t a l  income from r i c e  p ro d u c tio n . The
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e f f e c t  on income v a r i a t io n  was to  reduce  i t  from 17.2  to  13 .2  and 
10 .8  p e rc e n t  in  th e  c a se  o f  th e  low er and h ig h e r  t a r g e t  p r ic e s  
r e s p e c t iv e ly  (T ab le  1 6 ).
I t  m ust be em phasized t h a t  th e  d e f ic ie n c y  payment i s  a n e t 
income f ig u r e .  I t s  a d d i t io n  to  g ro s s  income from r i c e  to  o b ta in  
th e  t o t a l  income from r i c e  p roduces a f ig u r e  t h a t  in c lu d e s  g ro s s  
and n e t  income e lem en ts . In  t h i s  way, th e  r e l a t i v e  im pact o f  
d e f ic ie n c y  paym ents on n e t  income may appear to  be l e s s  th a n  i t  
a c tu a l ly  i s .
The e f f e c t  o f  d e f ic ie n c y  payments on governm ent c o s t s  i s  to  
in c re a s e  o v e r a l l  averag e  c o s ts  by an  amount eq u a l to  th e  d e f ic ie n c y  
paym ent, and on c o s t  v a r i a t io n s  th e  e f f e c t  was a d e c re a se  o f  ov er 
60 p e r c e n t .  F o r exam ple, t o t a l  s to c k  management c o s ts  had a 
c o e f f i c i e n t  o f  v a r i a t io n  o f  38 7 .3  p e rc e n t ,  and th e  in t r o d u c t io n  o f  
d e f ic ie n c y  paym ents (when t a r g e t  p r ic e  was $9 .50) reduced  t h i s  to  
14 .61  p e rc e n t  (T able  1 5 ) . However, a s  in d ic a te d  p re v io u s ly ,  th e  
p r o b a b i l i ty  o f  d e f ic ie n c y  paym ents b e in g  made i s  32 to  39 p e rc e n t ,  
so  t h a t  in  a  y e a r  in  w hich d e f ic ie n c y  payments a re  made th e  a d d i t io n  
to  governm ent c o s ts  i s  q u i te  l i k e l y  to  be betw een 100 and 300 
m il l io n  d o l l a r s .
I t  i s  concluded  th a t  d e f ic ie n c y  payments can c o n t r ib u te  
q u i te  w e ll  to  r a i s in g  th e  le v e l  o f  th e  o v e r a l l  av erag e  o f  income and 
to  re d u c in g  i t s  v a r i a t i o n .  However, th e  s iz e  o f paym ents to  be  made 
in  th o se  in d iv id u a l  y e a rs  when payments a re  made may be  g r e a t e r  th an  
ta x p a y e rs  a re  w i l l in g  to  t o l e r a t e .
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Suggestions for Further Research
The l im i t a t i o n s  p laced  on t h i s  s tu d y  many o f which have been  
m entioned p r e v io u s ly ,  su g g es t a  number o f  a re a s  fo r  f u r th e r  re s e a rc h . 
The l im i t a t i o n s  have been  m ain ly  r e l a t e d  to  th e  in p u t in fo rm atio n  
and to  th e  q u e s tio n s  to  be answ ered , o r  th e  scope o f the  s tu d y .
The scope o f  th e  s tu d y  c o u ld  be expanded to  in c lu d e  q u e s tio n s  
r e l a t e d  to  th e  o p tim iz a tio n  o f  th e  lo c a t io n  o f  th e  s to c k s  o f  r i c e ,  
to  th e  way in  w hich th e  program s d i s t r i b u t e  c o s t s  and b e n e f i t s  among 
such i n t e r e s t  g roups a s  p ro d u c e rs , p ro c e s s o rs ,  and consum ers, and 
a ls o  q u e s t io n s  r e l a t e d  to  th e  p ro v is io n  and m ain tenance  o f s to c k s  to  
p r o te c t  th e  r i c e  consuming w orld, from  la rg e  r i c e  d e f i c i t s ,  and th e  
r i c e  p ro d u c in g  w orld  from u n s ta b le  p r ic e s  and incom es.
The s tu d y  i t s e l f  co u ld  be  im proved, f i r s t l y  by im proving 
e s t im a te s  o f  th e  p a ra m e te rs , p a r t i c u l a r l y  in  r e l a t i o n  to  th e  
p ro d u ce rs  re sp o n se  to  open p la n t in g ,  th e  consum ers resp o n se  to  th e  
new le v e l  o f  p r ic e s  t h a t  came in to  e x is te n c e  in  1972, and by 
o b ta in in g  a  b e t t e r  e x p la n a to ry  e q u a tio n  f o r  th e  e x p o rt m arket. 
S econd ly , th e  t r u e  n a tu re  o f  c a r ry o v e r  co u ld  be  de term ined  by 
o b ta in in g  an a c c u ra te  m easure o f  p ip e l in e  s to c k s  and n o n -p ip e lin e  
s to c k s  h e ld  by th e  non-governm ent s e c to r  o f  th e  in d u s try .  F in a l ly ,  
th e  chang ing  v a lu e  o f  th e  d o l l a r  o v e r tim e c o u ld  be reco g n ized  in  
th e  program  by an n u a l a d ju s tm en ts  to  p r i c e s ,  c o s t s ,  p r ic e  l im i t s ,  
and t a r g e t  p r i c e s .
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Appendix A; T able  1 . S e le c te d  U .S . R ice  In d u s try  D a ta , 1955 -  1975—^  —^
T Average Y ie ld P ro d . S tock Som.D. E x port Income P r ic e Support GE/XR
Y ears 1000A cres
cw t/
Acre
M il.
D o lla r s —d o l . c w t.— - P e rc e n t
55 1851 30 .24 5 6 .0 2 6 .7 2 7 .0 1 8 .7 6 0 .6 4 .6 9 4 .6 6 0 .0 4
56 1605 30 .84 4 9 .5 34 .6 2 6 .0 37 .5 6 3 .4 4 .8 6 4 .5 7 54.33
57 1372 31 .31 4 2 .9 2 0 .1 25 .6 18.3 6 5 .5 5 .1 1 4 .7 2 82 .34
58 1440. 31 .1 0 4 4 .8 18 .2 25 .6 19 .8 66 .6 4 .6 8 4 .4 8 53.65
59 1608 33 .38 5 3 .7 15 .7 27 .7 29 .2 6 9 .3 4 .5 9 4 .3 8 49 .50
60 1614 33 .82 5 4 .6 12 .1 2 6 .9 29 .5 7 0 .5 4 .5 5 4 .4 2 63 .41
61 1618 33 .5 0 5 4 .2 10 .1 29 .6 29 .2 7 2 .2 5 .1 4 4 .7 1 68 .85
62 1789 3 6 .9 2 6 6 .1 5 .3 28 .0 35 .5 7 5 .1 5 .0 4 4 .7 1 4 7 .6 9
63 1785 39 .37 70 .3 7 .7 28 .7 4 1 .8 7 7 .8 5 .0 1 4 .7 1 57 .58
64 1797 40 .72 7 3 .2 7 .5 3 1 .1 4 2 .5 8 3 .0 4 .9 0 4 .7 1 49 .73
65 1804 42 .2 8 76 .3 7 .7 30 .9 4 3 .3 8 8 .6 4 .9 3 4 .5 0 43 .95
66 1980 4 2 .9 4 8 5 .1 8 .2 3 1 .9 51 .6 9 4 .7 4 .9 5 4 .5 0 32 .78
67 1982 4 5 .1 0 8 9 .4 8 .5 33 .6 5 6 .9 100 .0 4 .9 7 4 .5 5 4 6 .5 4
68 2367 4 4 .0 0 104.1 6 .8 35 .6 5 6 .1 107.1 5 .0 0 4 .6 0 40 .80
69 2141 42 .43 9 1 .9 1 6 .2 33 .1 5 6 .9 113 .9 4 .9 5 4 .7 2 57 .26
70 1826 45 .87 8 3 .8 1 6 .4 3 4 .4 4 6 .5 122.8 5 .1 7 4 .8 6 53 .00
71 1826 4 6 .9 7 8 5 .8 1 8 .4 3 5 .4 5 6 .9 131.1 5 .3 4 5 .0 7 65 .69
72 1824 46 .8 4 8 5 .4 11 .4 3 5 .7 5 4 .0 139 .8 6 .73 5 .0 7 4 7 .0 4
73 2181 42 .56 9 2 .8 5 .1 3 7 .0 4 9 .7 156 .2 13.80 6 .0 7 36.02
74 2555 44 .66 112 .4 7 .8 4 1 .0 6 9 .5 168 .9 11 .20 7 .5 4 36 .12
75 2818 45 .2 9 127.6 7 .1 4 0 .2 5 6 .5 177.8 7 .93 8 .52 37 .00
a/Econom ic R esearch  S e rv ic e , USDA, R ice S i tu a t io n .  R S-15-27, (W ashington, D .C .: U .S . Government P r in t in g
O f f ic e ,  1970-1976.
b/Econom ic R esearch  S e rv ic e , USDA, Food G ra in  S t a t i s t i c s . S t a t i s t i c a l  B u l l e t i n  No. 423, (W ashington, D .C .: 
U .S . Government P r in t in g  O f f i c e ) ,  1968.
£ /  - — C o n tin u ed -—
c/T he v a r i a b l e s '  t i t l e s  a r e  e x p la in e d  below  and th e  u n i t s  a s s o c ia te d  w ith  th e  v a r ia b le s  a re  l i s t e d .
M ost o£ th e se  v a r ia b le s  w ere u sed  i n  th e  eco n o m etric  a n a ly s is  and th e  sym bols used  to  i d e n t i f y  them 
th e r e in  a re  i d e n t i f i e d  i n  p a re n th e s e s , (See T ab le  1 from  th e  t e x t ) .
T: The t r e n d  v a r i a b l e ,  i s  re p re s e n te d  by th e  l a s t  two d i g i t s  o f  th e  y e a r  in  q u e s tio n .
A creage: (AIR), in  1000 a c r e s ,  i s  th e  a re a  p la n te d  to  r i c e  in  th e  U n ited  S ta te s .
Prod: In  m i l l io n  cw t. o f  rough  r i c e  e q u iv a le n t ,  r e p r e s e n ts  th e  q u a n t i ty  o f  r i c e  produced in  a  g iv en
in  th e  U n ited  S ta te s .
S to ck : (E S t-1 ) , i n  m i l l i o n  cw t. o f .ro u g h  r i c e  e q u iv a le n t ,  r e p r e s e n ts  th e  q u a n t i ty  o f  r i c e  in  governm ent
and p r iv a te  hands in  th e  U n ited  S ta te s  on th e  f i r s t  day o f  th e  m a rk e tin g  y e a r ,  A ugust 1.
I t  i s  th e  same a s  th e  s to c k  on J u ly  31 , th e  end o f  th e  p re v io u s  m a rk e tin g  y e a r .
Dom.D: (QDSMDD), in  m i l l i o n  cw t. o f  rough r i c e  e q u iv a le n t ,  r e p r e s e n ts  th e  q u a n t i ty  o f  r i c e  used  i n  a
g iv en  y e a r  a s  fo o d , in d u s t r y ,  and see d .
E x p o rt: (XR), in  m i l l i o n  cw t. o f  rough r i c e  e q u iv a le n t ,  r e p r e s e n ts  th e  t o t a l  q u a n t i ty  o f  r i c e  ex p o rted
in  a  g iv e n  y e a r  from  th e  U n ited  S ta te s .  .
Income: (7 ) ,  i s  th e  in d ex  o f  p e r  c a p i t a  d is p o s a b le  p e rs o n a l income i n  th e  U n ited  S ta te s .
P r ic e :  (F P ), in  d o l l a r s ,  i s  th e  av e rag e  p r ic e  p e r  hundredw eigh t o f  rough  r i c e  re c e iv e d  by fa rm ers
d u rin g  th e  m ark e tin g  y e a r .
S u p p o rt: In  d o l l a r s ,  i s  th e  av erag e  an n u a l su p p o rt p r ic e  p e r  hundredw eigh t o f  rough r i c e .
GE/XR: A p e rc e n ta g e , shows how much o f  t o t a l  U .S . e x p o r ts  was acco u n ted  f o r  by governm ent e x p o r ts .
to
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APPENDIX B
D e r iv a tio n  o f  th e  E q u a tio n s  Used 
in  th e  S im u la tio n  Model
The e q u a tio n s  w hich w ere developed  f o r  u se  in  th e  s im u la tio n  
model w ere p re se n te d  in  T ab le  1 o f  th e  t e x t  and w ere d is c u s se d  in  
C hap ter 4 . The m o d if ic a tio n s  made to  th e se  e q u a tio n s  b e fo re  t h e i r  
in c lu s io n  in  th e  s im u la tio n  w ere  a ls o  d is c u s s e d . The m odified  
e q u a tio n s  and o th e rs  d e r iv e d  from  them  a r e  p re se n te d  in  T ab le  1 o f  
t h i s  ap p en d ix . An e q u a tio n  to  p r o je c t  th e  index  o f  p e rso n a l d is p o s ­
a b le  income, Y, w hich was d e r iv e d  i s  a ls o  p re s e n te d .
The o n ly  change made in  th e  sup p ly  e q u a tio n s  i s  found in  
E q u a tio n  2. I t  i s  th e  a d d i t io n  o f  RD to  p ro v id e  a  d i s t r i b u t i o n  o f 
y ie ld  v a lu e s  when th e  i t e r a t i o n s  a r e  made.
The dom estic  demand l e v e l  (E q u atio n  4) i s  s h i f t e d  to  th e  
r i g h t  each  y e a r a s  a  r e s u l t  o f  th e  in p u t  from  th e  in c re a s e  in  income 
(E quation  3 ) .
The t o t a l  demand e q u a tio n , i s  th e  summation o f E q u a tio n s  4 
and 5 . I t  in c lu d e s  th e  e x p o r t  demand random e lem en t t h a t  p roduces a 
d i s t r i b u t i o n  o f demand cu rv e s  when th e  i t e r a t i o n s  a re  made.
The farm  p r ic e  e q u a tio n  i s  o b ta in e d  from  E q u a tio n  6 by 
tra n s fo rm a tio n . T h is i s  n o t th e  m ost e c o n o m e tr ic a lly  o rthodox  
method o f d e te rm in in g  p r i c e .  However, i t  was n e c e s sa ry  fo r  th e  
mechanism employed in  th e  s im u la t io n ,  and th e r e f o r e  i s  a c c e p ta b le .^
iF ox , K arl A.In te r m e d ia te  Economic S t a t i s t i c s .  (New Y ork, 
W iley) 1968 pp 373-3747
128
Appendix B: Table 1. Equations Used in the Simulation.
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1 . APR -  465.32  +  51.26FPL +  0.72APRL -  15.80ESL £ /
2 .  YLDP »  42.3246 + 0.0346T +  BD
3 . Y ® 1861.12 -  58.95T +  0.48TT
4 . QDSMDD = 19.33 » 0.34FP +  0.14Y
5 . XR -  -1 2 0 .2 1  -  1.99FP +  2 .67T  + 16.09DD + EXR
6 . TOTDEM » -1 0 0 .8 7  -  2.33FP +  0.14Y + 2.67T + 16.09DD + EXR
7. FD = -4 3 .2 9  -  0.43T0TDEM + 0.06Y +  1.15T + 6.09DD + 0.43EXR
a /  The v a r ia b le s  u sed  and t h e i r  symbols a r e  shown below . The
fo llo w in g  v a r ia b le s  have been  i d e n t i f i e d  in  C hap ter I I I :  APR, FP,
ES, YLDP, T, QDSMDD, Y, XR, and  DD.
The v a r ia b le s  FLP, APKL, and ESL a r e  th e  v a r ia b le s  FP, APR, 
and ES lag g ed  one y e a r .  The v a r ia b le s  RD and EXR r e p re s e n t  th e  random 
v a r i a t i o n  e lem en ts  i n  y i e ld  and  e x p o rts  r e s p e c t iv e ly .  The sq u a re d  
v a lu e  o f  th e  p re v io u s ly  i d e n t i f i e d  t r e n d  v a r ia b le  is  TT. T o ta l  
demand i s  TOTDEM.
The Computer Program Used
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The com puter program  used  by S h a rp ie s  and W alker to  ex ecu te
th e  p ro ced u res  shown In  th e  flow  c h h r t  in  Appendix B, F ig u re  1, was
2
o b ta in e d  from  them . I t  was m o d ified  f o r  u se  w ith  th e  S t a t i s t i c a l  
A n a ly s is  System  (SAS), produced by th e  SAS I n s t i t u t e  R a le ig h , N orth 
C a ro lin a . T h is  com puter so ftw a re  package c o n ta in s  e lem en ts  w hich 
a llo w  s im u la tio n  o f  sim p le  economic sy stem s, th e  p ro d u c tio n  o f 
pseudo-random  num bers, and th e  c o m p ila tio n  o f  s t a t i s t i c s  from th e  
d a ta  g e n e ra te d  by th e  i t e r a t i o n s ;  and th e se  e lem en ts  were u sed  in  
t h i s  s tu d y .
A Flow C h a r t o f  th e  S im u la tio n  Model
The flow  c h a r t  p re se n te d  in  F ig u re  1 o f  t h i s  Appendix i s  an 
a d a p ta t io n  o f  t h a t  u sed  by S h a rp ie s  and W alkerf1’ I t  i l l u s t r a t e s  th e  
p ro c e sse s  in v o lv e d  in  th e  r i c e  program  s im u la tio n  m odel. In  th e  
f i r s t  i t e r a t i o n  r e s u l t s  a r e  g e n e ra te d  f o r  each  o f  a  sequence o f  s ix  
y e a r s .  Note t h a t  th e  r e s u l t i n g  v a lu e s  o f  each  o f  th r e e  v a r ia b le s  
a re  lagged  one y e a r  as  in p u ts  f o r  th e  fo llo w in g  y e a r .  S ubsequent 
i t e r a t i o n s  p roceed  in  th e  same m anner, b u t  th e  r e s u l t s  a re  d i f f e r e n t  
becau se  o f  th e  s to c h a s t ic  e lem en ts  in tro d u c e d  by means o f th e  random 
num bers.
2
See fo o tn o te  10, page 11.
3
The program  was ad ap ted  f o r  u se  w ith  th e  S t a t i s t i c a l  A n a ly s is  
System  (SAS) by D r. A dolfo M artin ez , D epartm ent o f  A g r ic u l tu r a l  
Economics and A g r ib u s in e s s , L o u is ia n a  S ta te  U n iv e r s i ty ,  to  whom I  
am in d e b te d .
4
See fo o tn o te  2 above.
IAppendix B. Figure 1. Flow Chart o f the Simulation Model
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The d i s t r i b u t i o n  o f  v a lu es  o b ta in ed  o v e r a l l  i t e r a t i o n s  i s  
th e  b a s is  o f  th e  s t a t i s t i c s  provided in  the  r e s u l t s .
S to rag e  C osts
In  t h i s  s tu d y  th e  t o t a l  c o s t  o f  s to r in g  r i c e  c o n s is te d  o f 
th e  fo llo w in g : 1) th e  e l e v a t o r 's  s to ra g e  ch arg e  and in s u ra n c e  c o s t
assumed to  be 80 c e n ts  p e r  hundredw eight p e r  y e a r ,  2) a n  in v e n to ry  
f in a n c e  ch arg e  b a se d  on an  8 p e rc e n t r a t e  o f  i n t e r e s t ,  and 3) an 
a d ju s tm en t f o r  th e  change in  v a lu e  o f in v e n to ry .
The e le v a to r  s to r a g e  ch arg e  and in su ra n c e  c o s ts  assumed to  
be 80 c e n t s ,  was b a sed  on c o s t  f ig u r e s  fo r  th e s e  s e r v ic e s  su p p lie d  
by e le v a to r  management p e rso n n e l who w ere su rveyed  by  te le p h o n e .
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